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SOME  NOTES  ON  DIFFERENTIAL  GEARS  FOR 
VARIOUS  TYPES  OF  MOTOR  VEHICLES 

By  Wmm  VUtdbti 


THE  object  of  this  article  is  to 
illustrate  and  describe  various 
types  of  differential  gears  and 
locking  arrangements  that  have  largely 
been  used  in  practice,  fur  steam  trac- 
tors, traction  engines,  steam  wagons, 
and  for  petrol  vans.  Some  of  the  early 
forms  of  differential  f^ears  are  included, 
and  more  of  the  very  latest  types  are 
illustrated.  The  compensating  gear  is 
a  very  irnpnrtant  factor  in  all  self- 
propelling  machines  ;  and  as  a  detail 
of  tne  transmission  it  has  a  most  useful 
purpose  to  fulfil.  No  road  engine  of 
any  type  can  be  satisfactorv  if  it  is  not 
fitted  with  a  well  constructed  and 
efficient  differential  gear,  while  the 
lockinj^  arranticmcnt  of  the  tractor  and 
other  quick  running  vehicles,  is  of  the 
most  vital  importance. 

In  a  paper  entitled,  "  Steam  on 
Common  Roads,  '  read  by  Mr.  John 
McLaren,  before  the  "  Inst,  of  Civil 
Engineers,"  in  November,  1870,  it  was 
said  "  The  compensating  gear  was 
first  employed  in  Wnite's  dynamometer, 
and  published  in  his  "Century  of 
Inventions,"  in  1S32. 

It  was  tirst  used  for  steam  vehicles 
by  Mr.  R,  Roberts,  the  celebrated 
Manchester  engineer  and  tool  maker, 


in  iS  ^.  Fig.  I  shows  his  arrangement 
of  the  compensating  gear.  I'pon  ex- 
amining the  illustration  it  will  be  seen 
that  so  long  as  the  driving  wheels 
continue  to  nm  in  a  straight  line,  the 
tubes  do  not  revolve  upon  the  axle, 
but  revolve  with  it,  and  carry  round 
the  wheels  as  if  thf\'  were  fixe<l  to  the 
axle  ;  but  when  any  deviation  from  the 
straight  line  takes  place,  the  bevel 
wheels,  while  advancing  with  the  axle, 
revolve  upon  the  axle,  in  contrary 
directions,  so  that  the  advance  of  the 
outer  driving  wbed  exceeds  that  of  the 
inner  whtd  by  as  much  as  the  length 
of  the  outer  curve  exceeds  that  of  the 
inner  curve,  and  thus  skidding  is  pre- 
vented by  this  arrangement.  Previous 
to  the  employment  of  the  differential 
gear  on  wheel  carriages,  claw  clutches, 
friction  bands,  ratrhrt  whet  N,  and 
other  complicated  arrangements  were 
used  for  obtaining  the  full  power  of 
both  the  driving  wheels,  and  at  the 
same  time  allowing  the  motor  to  turn 
the  sharpest  comer  easily  or  clumsily, 
as  the  case  might  be.  In  nearly  every 
case  one  wfieel  was  lilieratcd,  and  only 
one  used  for  driving. 

Before  proceeding  to  deal  with  the 
compensating'  gear,  it  may  be  of 
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inttivst  to  mention  some  of  the  numerous 
methods  for  allowing,  carriages  tu  turn 
comers  without  skidding.  A  number 
of  early  road  vehtdes  were  made,  having 
two  quite  separate  encrines  mounted  on 
the  boiler,  and  so  arranged  that  one 
motor  could  be  run  at  a  slower  rate  than 
the  other  for  turninfj  sharp  curves,  the 
transmission  on  each  side  was  ^uite 
distinct.  In  other  cases  the  driving 
wheels  were  not  keyed  din-ct  to  the 
axle,  but  bosses  of  the  driving  wheels 
were  provided  with  ratchet  discs,  and 
spring  pawls,  like  in  Fig.  2. 


riC.    I.—  DirFERESTIAL  CIAR.      HV   Kn,  ROIIFRIS. 

The  ratchet  wheel  was  keyed  to  the 
axle,  and  it  drove  the  wheel  by  means 

of  the  spring  pawl  ;  this  device  allowed 
the  outer  wheel  to  run  faster  than  the 
inner  one  when  the  carriage  described  a 
curve,  and  still  be  ready  to  receive  the 

impulse  of  the  motor  as  soon  as  the 
vehicle  returned  to  a  straight  course. 
When  it  \v,i-  nn  <-,>arv  to  l)ack  the  caT, 
the  ratclu't  had  to  Ix-  locked.  In  many 
cases  two'driving  pins  were  used,  one 


I  IC     3.  —  R  A  1 1.  II  I  I     ,\  H  R  \  S  r.  f  M  I  SI. 

of  which  had  to  be  drawn  by  a  man  in 
attendance  when  the  engine  was  about 

to  round  a  curve,  this  system  was  used 
for  many  years  in  all  types  of  self- 
propelling  engines,  and  on  old  engines 
it  is  not  quite  extinct  to-day.  Another 
plan  largely  used  was  the  friction  strap 
and  drum.  A  strap  pulley  was  keyed 
to  the  axle  outside  the  driving  wheel  on 
one  side.   One  spoke  of  the  wheel  was 


made  much  stron^(er  than  the  rest, 
A  lug  was  forged  on  this  wide  spoke, 
the  ends  of  the  strap  -brake  were 
attached  to  this  by  a  strong  b«ilt  and  a 
spring.  When  th«'  bolt  was  tii^htened 
the  pullev  str.tp  and  the  driving  wheel 
all  revolved  together,  and  were  locked  ; 
lioth  the  dri\ini,'  wlirds  acteil  as  posi- 
tive drivers.  When  the  brake  strap 
was  released,  the  driving  wheel  could 
slip  and  run  faster  or  slower,  as  was 
needed  to  turn  comers.  On  some 
engines,  geared  on  both  sides,  a  clutch 
on  the  countershaft  could  be  thrown 
out  of  gear  by  the  driver  on  the  foot- 
plate, and  one  wheel  thus  thrown  out 
of  action.  In  the  cases  of  the  two 
driving  pins,  and  the  friction  clutch, 
it  was  necessary  for  a  man  to  be  on  the 
road  to  actuate  the  needed  change. 
There  were  other  methmls  of  allowiii;; 
the  engine  to  turn  which  need  not  be 
described. 


vie.  v^itHtM.  rowun  aho  •ounm'a  run. 

Messrs.  Fowler  and  Burton  patented 
in  June.  1857,  a  small  road  en^'iiic  is 
shown  in  cross  section.  Fig.  3.  iho 
driving  wheels  are  mounted  on  a  tubular 
main  axle,  on  which  the  compensating 
gear  is  arranged  as  shown,  so  that 
each  driving  wheel  can  rotate  indepen* 
dently  of  the  other.  The  adjacent 
ends  of  the  two  parts  of  the  axle  are 
fitted  with  bevel  wheels,  C  and  C  • ,  which 
gear  with  planetary  bevel  winds  g, 
carried  by  the  spur  whn  I  d,  driven 
by  a  pinion  on  the  crank>lntt.  One  of 
the  driving  wIk  els  can  thus  rotate 
faster  than  the  other  when  the  \ehicle 
is  bemg  turned.  This  is  a  veiA'  early 
and  simple  arrangement  of  differential 
gear.  Messrs.  Aveling  and  Porter  fitted 
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a  simple  form  of  compensating  gear  to 

a  combined  traction  engine  and  crane, 
which  appeared  at  the  Leicester  Royal 
Show,  1868:  this  small  vehicle  was 
chain  driven.  In  1876  Messrs.  Chas. 
Bun  ell  and  Sons  patented  the  com- 
bined compensating  gear,  and  winding 
«irwii  something  like  Fig.  4.  This 
arrangement  was  adopted  by  several 


4. — COMPENSATING   GEAR   AND   WINDINO  MOH 
BY  MKSSU.  C.  BOBRBLL  AMD  *OMS. 

makers  under  Royalty.  The  bevel 
wheel  nearest  to  the  horn  plate  is  keyed 
to  the  axle,  the  other  bevel  wheel  ndes 
on  the  axle,  and  is  not  bolted  to  the 
nave  of  the  driving  wheel.  A  sliding  pin 
connects  the  outer  bevel  wheel  to  the 
nave  for  driving ;  the  compensating  gear 
then  being  in  action.  When  the  pin  is 
thrust  tiirougli  the  bevel  wheel,  and 
forced  farther  into  the  compensating 
plate  the  gear  is  jfxkcd.  As  will  be 
seen  the  compensating  plate  rides  on 
the  bosses  of  the  two  bevel  wheels ;  a 
much  bfttcr  plan  than  to  allow  tin- 
plate  to  revolve  on  the  smaller  diameter 
of  the  axle.  One  advantage  of  thb 


arrangement  of  gearing  is  the  fact  that 

the  axle  remains  stationarv  when  the 
drum  is  being  used,  the  pinions  revolve 
on  their  stut^  and  cause  the  loose  bevel 
wheel  to  revohe  on  the  axle.  The 
spur  ring  is  strongh-  bolted  to  the 
compensating  gear  plate  ;  if  the  drum  is 
of  steel,  Uke  the  gearing  they  will  l)e 
rivet  ted  together.  Fig.  5  ilhistrates 
another  plan  of  compensating  gear,  in 
which  the  brake  drum  is  formed 
in  the  same  rasting  as  the  ])latf.  In 
this  instance  the  gear  is  shown  locked  ; 
thv  gear  is  so  arranged  that  the  centre 
of  the  main  pinion  is  quite  central  with 
the  bevel  wheel  Joint  of  the  bosses,  that 
is,  a  vertical  line  would  pass  through 
the  centre  of  the  compensating  gear, 
and  through  the  centre  of  the  face  of 
the  spur  pinion.  A  gear  planned  thus 
works  sweetly,  and  there  is  no  side 
thrust  tending  to  force  the  bevel  wheels 
out  of  mesh,  this  is  a  point  that  is 
often  disregarded.  Fig.  6  shows  a 
f-niall  ditlfinitial  gear  for  a  5  ton  four 
shaft  tractor,  with  the  locking  pin 
clear  of  the  wheel  boss,  and  the  boss 
for  same  is  formed  in  the  bevel  wheel 
shroud  .\  table  is  given  below  of  the 
dimensions  of  a  4  ton,  and  5  ton 
tractor  set  of  gearing : — 

4-ton  s-ton 
Tractor.  Tractor. 

I'llch  III  brvrl  gearing         ..  2  in*.        t|  im. 

Diameter  of  bevel  wtceU    . .  lA:  im.      20  ins. 

Width  on  face   t  int.       3  in». 

Diamfler  "(       r1  pinion     . .  5  ins.        6|  ins. 

Width  on  U<  i-  ol  pinion       .  .  2  ins.        j  ins. 

Di^inrtor  o|  piuion  >tii>K     .  .  I  im.        l|  ins. 

N'liiiib'  r  <i(  pinions      ....  J  S 
Number    ol    cog»    in  bevel 

Wheels    94  35 

Numiwr  af   cogs  in  bevel 

pinions   S  I 
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In  Fig.  6,  it  will  be  seen  that  the 

outer  bevel  wheels  are  cast  with  a 
shroud,  or  flange  at  the  large  end  of  the 
teeth.  This  makes  the  machining 
more  diflfirult,  but  adds  to  the  strength 
of  the  cogs  and  the  disc.  Ihougl) 
the  inside  bevel  wheel  h  not  flanged, 
the  teeth  of  the  outer  one  are  flanged 


riC.   6  — DIFtEREMIAL  CEAK  AND   LOCKING  TIN. 

for  a  definite  purpose,  as  already 
pointed  out.  Moreover  it  may  be 
noted  that  the  bevel  wheel  nearest  the 
horn  plate  is  keyed  to  the  axle,  for 
driving  the  left  hand  road  wheel ;  the 
outer  bevel  wheel  is  bolted  to  the  nave 
of  the  ri^ht.  hand  driving  wheel  as 
shown.  I'if;.  7  represents  a  combined 
slip  winding  drum  and  compensating 
gear«  as  are  mostly  used  in  the  tractors 


running  under  the  L.G.  Board  regula- 
tions.  A  word  or  two  of  di  s<  ripiion 
only  is  needed  ;  a  projecting  hoop  or 
pulley  is  cast  with  the  compensating 
plate,  the  slij)  drum  is  mountcil  on  this 
hoop,  and  runs  freely  on  it  ;  ilie  drum  is 
kept  in  place  sideways  by  a  ring  bolted 
on  the  outer  edge.  1  he  slip  drum  car- 
ries a  spring  driving  pin,  which  when 
held  up  allows  the  drum  to  run  freely 


no.  7. —  OtVrtKBMTIAI.  MAR  AND  »Ltr  DKUM. 

for  paying  out  the  wire  rope:  when  the 
jiin  is  released  the  --pring  eau>es  it  to 
fall  into  a  hole  provided  for  it,  the  drum 
and  the  compensating  gear  casting  are 
tlien  locked  together,  for  winding  in 
the  rope. 

Fig.  8  represents  a  portion  of  the 
main  a.xle,  and  tlic  right  hand  side 
wheel  oi  the  "  Sentinrl  "  steam  WM!,'on 
as  made  by  Messrs.  Alley  and  MacLellan 
The  axle  (like  vehicles  of  this  type)  is 
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in  one  piece.   The  left  hand  side  bevel 

whet'l  of  tlic  compensating  gear  is 
k&yed  to  the  axle,  the  left  hand  road 
vfieel  is  also  keyed  to  it.  The  right 
hand  side  bevel  wheel  of  the  compen- 
sating gear  is  bolted  to  a  flange 
forged  on  the  sleeve  which  rotates 
on  the  axle,  a  similar  flange  on  the 
sleeve  drives  the  road  wheel  whit  h  is 
bolted  to  it,  as  shown.  A  chain  from 
the  engine  drives  the  central  plate  of 


FIO.   8.  —  ROAD   WlirtL   ANt>   (.OCKIXT.  PIN'. 
■V  MBSHS.  ALLEY  AKR  MACLKLLAM. 

tlii>  compensating,'  gear;  it  is  lined  with 
gun  metal,  and  mounted  on  the  axle. 
This  carries  the  bcv(>l  pinions  in  the 
usual  manner.  At  the  ri^ht  hand  end 
of  the  axle  a  disc  is  keyed  on.  by  insert- 
ing the  pin  through  the  disc  into  a 
hole  in  the  boss  of  the  driving  wheel 
as  shown,  the  compensating  gear  is 
locked  and  both  the  driving  wheels  are 
in  effect  keyed  to  the  axle,  and  are 


positive  drivers.   When  the  pin  is 

withdrawn,  the  driving  whirls  are 
actuated  througli  the  compensating 
gear  in  the  usual  manner  for  regular 
driving. 


FIO.       Dovau  aaraiie  akkamcihknt 

kV  MBMtS.  C.  SUBMtL  ANO  SOU*,  TUBTVORD. 

Fig.  9  shows  a  double  driviiK 
arrangement  on  a  chain  driven  road 
engine  made  by  Messrs.  Chus.  Burrell 
and  Sons  in  1876  or  1877.  The  cooi- 
ponsating  gear  is  mounted  on  a  counter- 
shaft, the  right  hand  bevel  and  the 
chain  pinion  are  cast  together,  and 
revolve  on  the  shaft,  the  left  hand 
bevel  wheel  is  keyed  to  the  counter- 


no.  tOi^OOtiaLK  OHmifO  AlllttWOSHSWT. 
BV  ANBBICAM  MAKBB. 
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shaft.  A  double  speed  spur  ring  is 
bolted  to  the  compensating  plate, 
which  is  mounted  on  the  boss  of  the 
left  hand  bevel  wheel.  The  chain 
pinion  drives  the  right  hand  wheel, 
another  pinion,  is  keyed  to  the  counter- 
shaft, for  driving  the  left  hand  road 
wheel. 


*iC9.  tl  A!«0  I?.— SPUR  COHPBMMnita  esAi. 

Another  double  driving  arrangement 
is  illustrated  by  Fig.  lo.  A  spur 
pinion  communicates  motion  to  the 
compensating  gear  plate,  the  bevel 
pinions  arc  arranged  in  the  plate  in  the 
Lsnal  manner.  One  bevel  wheel  and 
the  main  spTir  pinion  arc  cast  together 
for  driving  the  right  hand  road  wheel, 
the  outside  bevel  wheel  is  keyed  to 
the  countersliaft,  and  so  is  the  main 
pinion  for  driving  the  left  hand  road 
wheel.  The  countershaft  is  supported 
in  a  sleeve  or  cannon  as  shown,  the 
spur  rings  conimunirate  motion  to  the 
periphery  of  the  driving  wheels. 

In  one  American  example  a  diagonal 
shaft  is  employed  for  communicating 
the  motion  from  the  crank  shaft  to  the 
axle.  At  the  axle  end  of  the  diagonal 
shaft,  a  small  bevel  pinion  meshes  into 
alarge  bevel  wheel  on  the  axle,  this  bevel 
wheel  is  the  compensating  i)late  and 


carries  two  bevel  pinions,  one  bevel 
wheel  is  keyed^  to  the  axle  for  driving 
the  left  hand  wheel,  the  right  hand 
bevel  wheel  is  connected  to  the  right 
hand  road  wheel  boss.  This  forms  a  very 
snug  arrangement  of  compensating  gear. 


no.  13.— poRTioit  or  pipriaKimAi  oma». 


Figs.  II  and  12  show  views  of  a 

spur  gear  differential  arrangement 
whicU  is  occasionally  used  on  motor 
cars,  and  never  used  on  tractors  or 
steam  wagons,  M.  SerpolU  t  in  his 
steam  cars  used  this  form  of  differential 
gear.  It  was  considered  a  cheaper 
type  to  make,  but  the  spur  wheel  gear 
requires  a  verv  mm  h  larger  casing,  and 
is  con«:iderably  heavier  than  the  bevel 


no,   14.— COUPK^SAtlvO         VH.      BV  MBUM. 
jOIIN  I.  THORNtVtKUtr,  LTU. 


form.  From  I'ig.  ri.  it  will  be  seen 
the  studs  are  three  times  the  width  of 
the  pinions,  and  are  very  likely  to 
spring  unless  they  are  made  of  great 
strength.  Taking  it  all  round  the 
bevel  gear  is  the  bietter  system  to  adopt. 
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Fig.  13  illustrates  a  portion  of 
differential  gear  cut  away  to  show  the 

l>ev"l  pinion  arranged  in  the  inter- 
mediate spur  wheel.  The  outside  of 
the  bevel  wheel,  and  the  bull  or  main 
pinion  are  also  seen ;  the  hole  for  the 
lock  pin  is  formed  in  one  of  the  spokes 
of  the  wheel,  while  lock  pin  lugs  are 
cast  on  the  outside  of  the  bevel  gear 
whet-l. 

An  intt  nsting  arrangement  of  com- 
pensating gear  is  illustrated  by  Fig.  14, 
it  is  the  countershaft  gearing  of  Messrs. 
Thomeycroft's  16  h.p.  van.  A  bevel 
pillion  on  the  cardan  shaft  transmits 
motion  to  the  bevel  wheel,  this  carries 


compensating  gear  and^  details  for 
the  rear  axle  of  one  of  their  noted  cars. 

Fig.  15  shows  a  longitudinal  section 
of  the  axle,  the  compensating  gear, 
and  the  casing.  The  motion  to  the 
•worm  shaft  is  transmit trd  tlirough  a 
universal  joint.  As  will  be  seen  ball 
bearings  and  thrust  bearings  are  pro- 
vided for  the  worm  shaft,  and  they 
being  at  tin-  bottom,  nm  in  an  oil-bath. 
The  comix;nsating  gear  is  placed  in  the 
centre  of  the  axle,  the  worm  whed  is 
bolted  to  the  compensating  lx)x,  which 
encloses  the  bevel  wheels  for  the  axle 
ends,  and  those  on  the  massdve  stud, 
but  the  box  only  communicates  motion 


riC.  13.— OBMBaAL  AKKAirOSIIKMr  or  MBUM.  TttOaMSVCROrt**  WOM*  DMVC 


with  it  the  compensating  box,  with  the 
bevel  fnnions  md  the  stud  on  which 

the  pinions  mtatc.  The  conijirp^nting 
gear  box  ride>  011  tlie  bosses  ol  tli(  two 
bevel  wheels,  long  bosses  are  provided 
on  the  two  wlieils  for  being  keyed  to 
the  ends  of  the  counter-shaft.  Ball 
bearings  are  provided  for  the  cardan 
shaft,  the  compensating  g<  :ir  box.  and 
the  outer  ends  of  tlie  divided  counter- 
shaft near  the  chain  pinions ;  the 
final  transmission  is  by  side  chains. 
The  lubrication  of  the  whole  of  the 
gearing  is  well  carried  out. 

By  the  courtes\  of  Messrs.  Jfrfm  I. 
ThomeNcroft  and  Co.,  Ijd.,  we  are 
enabled  to  illustrate  the  worm  driven 


to  the  pinions  on  the  stud,  and  when 
not  revolving  on  the  stud,  act  as 
drivers  to  the  be\el  wiieels  on  the  axle. 
Heavy  bushes  are  provided  for  the 
planetary  wheels  on  tne  stud,  and  they 
are  washered  up  to  keep  them  in  place. 
Tlie  two  bevel  wheels  on  the  axle  are 
firmly  keyed  to  the  ends,  and  they 
revolve  witli  the  axle  in  bearings  pro- 
vided for  them.  Hall  bearings  and 
ball  thrust  bearings  are  provided  for 
the  bfix  itself,  it  having  a  long  neck  on 
each  siih',  the  ball  b«  arings  and  thrust 
rings  are  washered  firmly  together  on 
the  necks.  All  this  is  most  neatly 
constructed.  The  a\l(>  on  each  side 
extends  to  the  hub  of  the  road  wheels. 
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the  wheels  are  driven,  each  from  one  of 

the  differential  bevel  wheels  ;  the  axle 
casinfi  carries  the  hub  of  the  wheels  ; 
and  the  brakes  contained  in  the  hub  on 
each  side.  On  the  axle  casing  seats  are 
also  provided  for  the  plate  sprinj^s. 
Over  the  compensating  gear  suitable 
lids  are  provided  for  gaining  access  to 
the  whole  of  the  central  gearing  con- 


Fig.  i6  represents  a  sectional  view 

of  a  (lifferential  gear  arrangement 
constructed  by  Messrs.  E.  G.  W'rigley 
&  Co.  for  a  15  to  18  H.P.  pleasure  car 
rear  axle  or  a  two  to  three  ton  van 
c:)unter-shaft.  The  cardan  shaft  driven 
the  bevel  wheel  and  the  compensating 
gear  box  by  means  of  a  pinion  as 
shown.  This  box  revolves  on  the  bosses 
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tained  in  the  box.  Ihe  trough  con- 
taining the  worm  and  shall  can  be 
readily  disconnected,  and  allowed  to 
drop  when  necessary.  .\  direct  worm 
drive  of  this  type  is  a  far  simi)ler 
arrangement  than  the  double  chain 
drive  from  the  i ounter-shaft  to  the 
a.xle,  the  immber  of  wearing  parts  is 
much  reduced  also. 


of  the  bevel  wheels  on  the  ends  of  the 
countershaft,  and  canies  with  it  the 
studs  and  pinions  securely  fixed  in 
their  place.  Ball  thrust  rings  are 
provided  for  the  bo.x  bchmd  the  bevel 
wheels  and  fitting  up  to  the  casing. 
The  countershaft  ends  are  turned 
and  keyed  to  the  bevel  wheels,  one 
wheel  for  each  part  of  the  counter- 
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shaft  divided  in  the  centre.  In  the 
sleeve  on  each  side  of  the  casinj^  two 
ball  hearings  support  the  countershaft. 
1  tu;  I  rising  is  divided  in  the  centre,  as 
shown,  and  fastened  together  by 
bolts.  All  the  parts  are  neatly  held  in 
the  places  ;  the  bushes  and  the  bearings 
of  tne  bev«1  wheels  are  soundly  carrira 
out.  so  as  to  hold  the  bevel  wheels  and 
pinions  in  perfect  mesh.  The  pinions 
on  the  stout  studs  are  cottered  up  to 
keep  them  centrally  to  their  work. 
Any  of  the  parts  can  be  opened  up  for 


inspection  when  required.  This  com- 
pensating gear  is  of  the  most  recent 
desifjn  and  its  construction  leaves 
nulhing  to  be  desired. 

A  line  example  of  compensating  gear 
is  shown  in  section  by  I'ig.  17,  this  is 
intended  for  the  rear  axle  of  a  20  to 
30  H.P.  car  or  light  van  to  carry  about 
two  tons.  This  i^ear  is  also  made  by 
Messrs.  E.  G.  VVrigley  &  Co.  It  is  a 
worm  driven  type,  the  worm  in  this 
instance  bein^  placed  at  the  top.  As 
in  some  previous  types,  the  gear  box 
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is  free  to  revolve  on  the  bosses  of  the  under  side  of  the  box  to  stiffen  the  rear 

bevel  wheels,  and  carries  with  it  the  axle  casing.   Hie  box  is  filled  with 

studs  and  planetary  pinions.    The  ball  greaso  wlien  asscmbUMl. 

bearings  are  close  up  to  the  backs  of  From  a  lengthy  experience  we  prefer 

the  bevel  wheels,  as  shown.   The  2}  in.  three  compensating  pinions  instead  of 

Hoffman's   thrust   collars  are  clearly  two,  four,  or  six.    Three  pinions  form  a 

shown  ;  the  top  of  the  gear  box  can  be  perfect  balance,  and  work  well  in 


FIGS.  tS.  19  a:«0  in.- 


-COMPKNSATINC  GEAR   LOCKING  PLAN. 

or  TMBTVOKO. 


BY  MCSSRS.  C.  aURKSLL  AMD  SOMt,  LTD. 


readily  removed  for  the  inspection  of 
the  working  parts,  by  simply  slacking 
the  fiy  nuts.  As  in  tiie  previous  illus- 
tration, the  gear  box  casing  is  made  in 

halves,  :md  well  bolted  toi:,'ethcr.  An 
adjustable  strut  bar  is  fitted  to  the 


inactice.  The  pinicms  are  often  made 
in  wrought  iron,  cut  out  of  the  solid 
material,  carelully  machuietl.  and  case 
hardened ;  and  they  should  be  budied 
with  ,t(un-metal,  or  phosphor  bronze. 
If  the  bevel  wheels  are  not  machined. 
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tliejr  should  be  cast  from  Ina£hine^»lt 

iron  patterns  ;  and  the  componsatinp 
gear  carefully  constructed  so  that  no 
chipping  of  the  cogs  is  required.  The 
studs  or  mandrils  for  the  pinions  should 
be  made  of  the  best  hardened  steel. 
On  a  previous  page  a  tabte  of  com- 
pmsatinp-  gear  dimensions  was  f;i\('n 
for  two  sized  tractors,  these  have  been 
hard  worked  for  years  and  have  given 
perfcrt  satisfaction,  while  no  breakages 
have  occurred  under  fair  working  con- 
ditions. The  very  l>est  cast  steel  is 
used  for  all  the  gearing,  and  for  the 
comp)ensating  plate  also.  A  most  im 
portant  matter  is  the  perfect  system  of 


Fig.  20  is  an  end  view  of  the  toothed 
wheel  1).  The  gear  itself  is  formed  of  a 
central  driving  wheel  .\,  carrying 
three  radial  pins  B,  on  which  are 
mounted  toothed  pinions  C,  which  gear 
into  two  toothed  wheels,  D  and  E. 
One  of  these  wheels  D,  is  fast  with  a 

central  shaft  I",  by  which  the  wheels 
D  and  E  are  carried,  the  latter  being 
loose  upon  it.   Motion  is  transmitted 

to  one  road  wheel  from  the  shaft  F, 
and  to  the  other  driving  wheel  from 
the  loose  wheel  E.  A  prolongation 
of  the  outer  end  of  the  boss  of  the 
hovel  wheel  D.  which  is  fast  with  the 
shaft  l\  is  surrounded  by  a  loose 


riC«.  2«   AWD  S2.— COllPtMSATmO  QEAU  LOCmNC  9Y  J.  FOWttR  AMP  CO.,  tTO.,  or  LBKBt. 


lubrication  to  be  adopted  ;  on  motor 
cars  and  steam  wagons  the  differential 
gear  can  be  run  in  an  oil  bath,  but  in 
tractors  and  traction  engines  this 
is  not  easily  accomplished. 

Messrs.  Chas.  Burrell  ft  Sons  patented 
a  simple  plan  for  locking  the  com- 
pensating gear  on  the  countershaft  of 
their  double  geared  engines,  which  has 
acted  perfectly  in  practice.  The  fol- 
lowing is  a  brief  description  of  the  same- 
Fig.  18  is  a  longitudinal  section  of  the 
differential,  gear.  Fig.  19  are  side  and 
«nd  elevations  of  the  clutch  ring. 


clutch  ring  (i.  on  which  are  projections 
H,  which  enter  recesses  P,  formed 
through  the  wheel  D,  so  that  the  clutch 
ring  alwavs  revolves  with  the  wheel. 
The  projections  are  made  of  such  a 
length  that  if  the  ring  be  slidden  to- 
wards the  wheel,  the  ends  of  the 
projections  may  be  made  to  pass 
also  into  recesses  T  formed  in  the 
boss  of  the  central  driving  wheel  A, 
and  thereby  cause  this  wheel  to  be 
locked  to  the  bevel  wheel  D,  and  so 
put  the  gear  out  of  action.  To  bo  able 
to  move  the  clutch  nng  G  to  and  fro 
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towards  nr  away  from  the  wheels,  the 
ring  is  formed  with  a  groove  around 
it,  and  a  tongiic  U  proji  t  ting  from  a 
sHdc  which  is  parallel  with  the  shaft 
is  made  to  enter  this  groove.  Thus 
the  gear  can  be  either  locked  or  set 
free  to  come  into  action  whenever 
desired,  without  its  hrinp  nerossary  to 
stop  the  engine  to  allow  ot  the  locking 
or  unlocking  of  the  gear  being  etlt-cted. 
From  l-if:.  iS  it  will  be  seen  the  double 
speed  spur  ring  is  bolted  to  the  central 
plate  A.  The  first  claim  of  the  patent 
is  : — In  differential  gear  in  which  a 
central  driving  wheel  turning  loosely 
around  the  axle  of  a  pair  of  road  wheels 
carries  pinions  gearing  with  two 
toothed  wheels  on  opposite  sides  of  it, 
one  toothed  wheel  driving  one  road 
wheel,  and  the  other  tt)oiln  d  wheel 
driving  the  other  road  wheel,  the 


arrangement  clearly.  The  driving 
wheel  by  means  of  a  strong  pin  passing 
through  the  nave  of  the  cbiving  whed 


H0«.  AVn    ^4.  —  CoMPf  SriAIlNG   OTKH   LOCKISr.    A  K  1(  v  sr,F  UFKT.      rV  t.VKhllT    AN[i  SCHMVCH. 


implo^mc-nt  of  a  clutch  ring  G  sur- 
rounding the  boss  of  one  of  the  two 
toothed  wlitrls  and  revolving  with  it 
and  which,  by  bring  moved  endwise 
on  the  boss  is  made  to  lock  this  toothed 
wheel  to  the  central  driving  wheel. 

Compensating  Gear  Locking 

Arrangement. 

Messrs.  John  Fowler  cS:  Co..  ]x'v(\<. 
have  recently  introduced  a  simple 
locking  gear  for  their  traction  engines, 
which  can  be  operated  from  the  foot 
plate.   Figs.  21  and  22  show  the 


into  a  boss  cast  on  the  bevel  wheel. 
These  two  wheels  are  not  keyed  on  the 
axle,  the  main  w  heel  is  suitably  bushed 
to  allow  for  this  arrangement.  A  ring 
carrying  four  locking  pins  revolves 
with  the  (tntral  i)late,  around  the 
inside  bevel  wheel  which  is  keyed  to 
tlie  axle  in  the  usual  manner.  The 
four  pins  are  provided  with  bosses  in 
tlu'  central  plate  as  shown.  P>y  a 
slight  movement  of  the  actuating 
lever,  the  ringf  and  pins  are  forced 
outward,  the  pins  entering  lugs  on  the 
outside  bevel  wheel,  thus  locking  the 
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compensating  gear ;  that  is,  the  com- 
pensating plate,  the  outside  bevel 
wheel,  and  the  main  driving  wheel  are 
fastened  to  each  other,  so  must  all 
revolve  together.  To  rt'lease  them  and 
cause  the  compensating  gear  to  act, 
the  locking  pins  must  be  drawn  into 
the  bosses  of  the  plate,  clear  of  outside 


f 
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ne.  SS.— COMrSKSATtilO  OKAR  LOCKINO  FlAJt. 
BY  MESSaS.  fOSTKH  AMD  CO.,  LINCOLN. 

bevel  wheel.  The  side  elt'\  ation  shows 
the  levers  for  moving  the  ring  and  tlie 
locking  pins.  The  difilerentiaJ  locking 
device  patented  by  Messrs.  Garrett 
and  E.  Schmach  is  illustrated  by  Figs. 
23  and  24.  According  to  this  inven- 
tion the  compensating  gear  is  locked 
by  operating  the  lever  A,  which  works 
in  conjunction  with  a  notched  quad- 
rant, bein^  held  positively  in  either 
jKisition.  This  K  vcr  turns  about  its 
pivot  B,  and  moves  laterally  a  clutch 
ring  C,  which  is  formed  with  projec- 
tions D.   The  differeotia)  pinions  £  are 


formed  with  a  number  of  recesses  F 
adapted  to  be  engaged  by  the  pro- 
jections D  on  the  clutch  ring  C.  Thus 
when  the  lever  A  is  operated,  the 
differential  jiinions  are  prevented  from 
rotating  on  tlair  spindles,  consequently 
the  differential  gear  is  rendered  in- 
operative, and  both  road  wheels 
rotate  together.  "  This  gear  can  be 
used  on  slippery  ground,  or  wherever 
there  is  any  tendency  for  the  drivin;^ 
wheels  to  slip  round,  as  when  mounting 
a  hilt  with  a  load  behind."  An  effi- 
cient locking  gear  is  more  necessary 
when  a  load  is  being  taken  down  a  hill, 
for  unless  locked  the  wagons  have  a 
tendency  to  slew  the  motor  out  of  its 
course.  Fig.  25  represents  views  of 
the  locking  gear  made  by  Messrs. 
W.  Foster  &  Co.  It  is  of  the  fric- 
tion strap  arrangement.  A  collar  is 
pinned  to  the  end  of  the  axle,  having 
a  I  in.  groove  turned  in  the  centre  of 
it  on  the  outside.  The  strap  revolving 
on  the  collar  is  seen.  A  I  in.  cast 
steel  pin  connects  the  collar  with  the 
axle.  When  the  strap  runs  loosely 
on  the  collar  the  compensating  gear 
is  in  action,  by  tightening  up  the  strap 
the  nave  and  the  axle  are  locked.  In 
addition  to  the  three  firms  mentioned 
whose  compensating  gear  can  be  locked 
from  the  foot  plate,  may  be  mentioned 
Messrs.  Mann's  Patent  Cart  and  Wagon 
Co.  and  Messrs.  Clayton  and  Shuttle- 
worth.  For  the  quick  running  trac- 
tors and  motor  wagons,  this  easv 
and  rapid  locking  gear  actuated  from 
the  foot  plate  is  of  the  utmost  import- 
ance, if  accidents  are  to  be  prevented. 
There  are  other  locking  arrangements 
in  use  which  are  not  included  owing 
to  want  of  space,  but  these  given  are 
worthy  of  careful  study. 
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IT   is  piojKJsed,   in    this   article,  to 
deal   with    the   practical  tests 

ajijilif'd  to  luLjIi  ])ressurc  stram 
generators,  particularly  with  regard  to 
the  method  of  procedure  when  testing 
such  boilers  for  wear  and  waste,  and 
the  im])()rtance  of  the  data  obtained 
from  such  tests. 

The  water  pressure  test  is  intended 
primarily  as  a  test  of  the  structure  of 
the  boiler,  as  it  does  not  always  follow 
that  a  boiler  which  withstands  the 
hydrauHc  test  will  equally  well  stand 
a  steam  test,  and  practically  all 
modem  boilers  are  subjected  to  a 
steam  test,  following  the  hydraulic 
test,  before  leaving  the  manufactu- 
rers. In  a  water  tank  boiler  one  may 
reasonably  assume  that,  should  the 
hydraulic  test  be  satisfactory  the 
steam  test  will  also  be  satisfactory, 
but  this  by  no  means  applies  to  high 
pressure  water  tube  boilers.  The 
reason  for  this  is  at  once  apparent 
when  the  difference  in  the  nature  of 
the  various  jiarts  of  the  structure  is 
considered,  and  also  when  one  considers 
the  greater  number  of  a>nnections, 
joints,  etc..  in  this  type.  From  the 
nature  of  their  construction  in  many 
cases,  the  various  parts,  such  as  tubes, 
headers,  sediment  chambers,  drums, etc., 
cannot  be  manufactured  from  the  same 
grade  material,  and  the  ditierences  set 
up  in  these  parts  at  high  temperatures 
might  probably  cause  a  steam  leak. 
In  water  tube  boilers  the  hand  hole 
door  joints,  although  quite  tight  under 
hydraulic  pressure,  frequently  exhibit 
signs  of  leakage  when  steam  is  raised, 
so  that  the  iipportance  of  the  steam  test 


is  still  further  demonstrated.  As  re- 
gards regulation  of  the  steam  pressure, 
the  best  modern  practice  is  to  adopt 
the  Admiralty  rules,  which  are  as 
follows  : — When  the  safety  valves  are 
loaded  to  go  lb.  per  s<iuarc  inch  the 
hydraulic  pressure  should  be  double  the 
load  ;  when  the  load  is  between  90  and 
x8o  lb.  the  pressure  should  be  90  lb. 
jier  square  inch  greater  than  the  load  ; 
when  the  load  is  180  lb.  and  above,  the 
test  pressure  should  be  50  per  cent, 
above  that  lf>ad.  When  ^team  te<ting 
the  working  steam  pressure  is  generally 
taken.  In  all  hydraulic  tests  the 
safety  valves  require  to  b<*  gag^;ed,  that 
is,  so  secured  that  they  cannot  possibly 
lift  as  the  pressure  rises,  and  it  is  usual 
to  double  shut  of!  all  water  gauge 
mountings  to  avoid  fracture  of  the 
gauge  glasses  at  such  high  pressures. 
At  this  juncture  it  is  as  well  to  note 
that  should  a  steam  ]>ump  be  used  for 
the  water  pressure  test,  all  connections 
between  the  boiler  under  test  and  any 
])ipe  or  pipes  containing  steam  should 
be  blank  flanged  ofi.  New  boilers 
after  being  tested  by  the  manufac- 
turers are  usually  steamed  for  a  definite 
period  before  subsequent  te^^t-^  are 
applied.  It  is  the  usual  practice  lo 
apply  a  hydraulic  test  after  a  boiler 
has  been  in  use  for  a  period  of  from  18 
months  to  2  years,  and  subsequently 
at  half-yearly  intervals. 

The  test  for  wear  and  waste  is  the 
most  important  that  a  boiler  is  subjected 
to,  and  it  is  the  only  definite  method 
whereby  a  correct  estimate  can  be 
obtainetl  as  to  the  durability  of  the 
component  parts.    From  this  test  the 
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life  of  the  various  parts  ar*'  calculated, 
and  the  value  of  the  boiler  as  a  steain 
generator  at  the  time  of  the  test 
determined.  The  test  for  wear  and 
waste  is  carried  out  after  the  boiler 
has  been  in  use  for  a  period  not  occeed- 
ing  two  yean,  after  which  it  is  usual 
to  test  at  periods  of  from  18  months  to 
two  years.  Siinuld  a  group  of  boilers 
of  the  saiiR-  age,  and  which  have 
aj^proximatcly  done  the  same  amount  of 
work,  require  drill  testing,  it  is  usual  to 
select  a  percentage  of  the  total  number, 
and  the  result  should  give  a  good 
general  idea  as  to  the  condition  of  the 
remainder.  In  a  battleship,  for  in- 
stance, in  which  there  are  three  stoke- 
holds, each  being  a  separate  watertight 
compartment,  it  is  usual  to  test  one 
boih'r  in  each  group,  this  method 
enabling  the  officer  in  charge  to  esti- 
mate with  a  certain  amount  of  accu- 
racy the  condition  of  the  remainder  in 
each  ]iarticular  section.  In  the  subse- 
quent tests  other  boilers  would  be 
chosen,  so  that  all  the  boilers  would, 
in  time,  undergo  the  test.  In  a  large 
land  installation  a  certain  percentage 
of  the  total  number  is  selected  for  the 
test.  This  wear  and  waste  test  is 
technically  known  as  the  "  drill  test." 
We  will  now  explain,  in  some  little 
detail,  the  method  of  i)rocedure  in 
"water  testing"  and  "drill  testing" 
the  chief  types  of  high  pressure  boilers, 
and  the  useful  information  obtained 
from  the  tests. 

The  most  important  factor  to  be 
noted  during  water  tests  of  tank 
boilers  is  the  amount  of  deflection  of 
the  various  parts  of  the  boiler,  and 
wliether  such  deflection  is  permanent 
after  the  test  pressure  is  allowed  to 
fall.  Before  applying  the  test,  deflec- 
tion meters,  with  the  pointers  set  at 
zero,  are  arranged  in  the  combustion 
chambers,  furnaces,  and  any  other  part 
deemed  necessary  ;  the  meters  being 
placed  in  such  positions  that  a  good 
gnu  ral  idea  of  the  condition  of  the 
whole  boiler  is  obtained.  In  a  four 
furnace  cylindrical  boiler  for  instance, 
the  meters  are  set  in  each  furnace  at 
equi  distant  angles  to  each  other,  and 
meters  are  also  arranged  in  the  com- 
bustion chambers,  from  back  to  back, 
side  to  side,  and  bottom  to  top.  As 


the  pressure  is  ajiplied  the  meters  are 
observed,  and  any  deflection,  either 
compression  or  expansion,  is  carefully 
noted.  When  the  test  pressure  is 
reached  the  tube  ends  are  e.vamined 
for  leakage,  and  aU  seams,  especially 
at  the  throat  of  the  furnaces,  carefully 
scrutinised.  The  pressure  is  now  care- 
fully allowed  to  fall  and  the  meters 
observed.  Should  there  be  any  per- 
manent set  it  should  be  noted  for  future 
reference.  With  cylindrical  boilers  the 
lai^  steam  stop  valves  employed  some- 
times  give  trouble,  and  distort  at  the 
high  pressures  when  screwed  bard 
down.  Should  this  occur,  the  water 
at  high  pressure  will  escape  through 
the  valves  in  the  steam  pipe,  and  the 
test  is  rendered  useless.  In  such  a 
case  the  stop  valves  must  be  gagged.  A 
most  efficient  method  of  doing  this  is  to 
remove  the  valve,  and  insert  over  its 
face  a  sheet  of  India  rubber  or  insertion  ; 
the  valve  being  then  replaced  and 
screwed  down  hard  on  the  material, 
thus  making  a  watertight  joint.  This 
method  is  much  quicker  than  blank 
flanging. 

The  chief  point  to  be  observed  when 
testing  water  tube  boilers  is  to  notice 
any  distortion  of  the  tubes  when  the 
test  is  applied.  In  boilers  fitted  with 
straight  tubes,  a  wooden  batten  is 
made  with  one  perfect  straight  edge, 
and  as  the  test  is  applied  the  batten  is 
tried  on  the  fire  row  of  tubes  to  note 
any  distortion  up  or  down,  and  also 
whether  such  distortion  is  permanent. 
The  first  row  is  selected  as  being  the 
one  most  easily  accessible,  and  also  on 
account  of  the  greater  tendency  of  the 
tubes  in  this  row  to  distort.  When 
water  testing  water  tube  boilers  fitted 
with  curved  tubes,  as  in  the  case  of  the 
Normand  type,  careful  observation 
must  be  kept,  and  any  change  of 
configuration  of  the  tube-^  must  be  noted. 
AU  hand  hole  door  joints  must  be 
inspected  for  leakage,  as  must  also  all 
tuDe  connections.  With  new  door 
joints  a  very  slight  water  leak  is  imma- 
terial, as  these  joints  take  up  when 
tightened  as  steam  is  being  raised. 
Should  special  methods  be  adopted  to 
allow  for  contraction  or  e.xpansion  of 
the  various  parts  at  varjring  tempera- 
tures, these  arrangements  should  be 
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free  when  the  test  is  applied.  In 
testing  either  type  of  boiler  it  must  be 
borne  in  mind  that  the  test  pressure 
must  only  be  kept  on  long  enough  to 
allow  the  proper  observations  to  be 
made,  otherwise  permanent  sets  might 
obtain,  and  the  boiler  suffer  in  conse- 
quence. A  careful  record  is  kept  of 
each  test,  with  the  date,  amount  of 
permanent  set»  if  any,  and  test  pressure 
applied. 


etc.,  is  noteri.  The  zinc  protectinu; 
slabs  and  their  attachments  are  then 
examined,  and  their  condition,  as  to 
contact,  excessive  wear,  etc..  ob.>ervcd. 
The  boiler  is  now  thorouqhlv  cleaned 
internally  by  the  usual  method,  and  a 
part  of  the  outside  la^gint;  casing 
removed  for  examination  of  the  boiler 
shell.  After  cleaning  the  shell  is 
drilled.  It  is  usual  to  drill  4  holes  in 
the  steam  spai%,  at  top,  side,  back  and 
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We  will  now  consider  the  drill  test 
of  a  cylindrical  water  tube  boiler,  as 
this  is  perhaf)s  the  most  common  form 
of  tank  boiler  in  general  use.  The 
boiler  is  first  emptied,  dried  out,  and  all 
doors  removed.  An  examination  is 
then  made  of  the  internal  surfaces,  and 


front,  and  3  h<iles  at  the  water  line, 
front,  back  and  side.  Below  the  water 
level  4  holes  are  drilled,  at  back,  front 
side  and  bottom.  Should  two  boikrs 
of  e(}ual  age  be  under  test  at  the  same 
time,  half  the  number  of  holes  are 
drilled  in  each,  in  such  i>ositi(ms.  that 


any  signs  of  wear,  corrosion,  deposit,    the  required  information  is  obtained. 
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Six  tubes  are  then  removed,  of  which 

two  should  be  stay  tubes,  thr  tubes 
cut  out  being  selected  so  as  to  ^ive  a 
good  general  idea  of  the  remainder. 
Hok's  arc  drilKcl  in  the  furnaces  and 
combustion  chambers  at  top,  bottom, 
sides  and  back,  the  same  procedure 
being  adopted  as  before  described, 
should  two  boilers  be  under  test. 
The  tubes  removed  are  then  cleaned  by 
the  acid  bath  or  by  sand  blast,  cut 
into  measured  len^th^  and  weif,'hed, 
their  weights  being  compared  with  the 
original  weights.  The  depth  of  the 
pitting  is  then  measured  by  micro- 
meter gauging,  and  the  wear  accurately 
ascertained.  The  tube  plates  are  then 
gauged,  and  the  results  compared 
with  the  orii^'inals  thickness,  and  also, 
if  the  boiler  has  been  previously  tested. 
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with  the  previous  test  thickness.  All 

hollas  drilled  are  now  measured  and 
compared  in  the  same  way.  It  is 
usuau  to  gauge  in  32nds  of  an  inch, 
and  the  wear  is  given  in  32nds  from  the 
original.  The  stays  in  steam  space, 
below  water  level,  combustion  cham- 
bers, and  furnaces,  are  carefulfy  calli- 
pered, and  their  present  size  compared 
with  the  original,  the  wear  being 
in  32nds  of  an  mch.  It  is  now  usual  to 
drill  holes  in  the  uptakes,  smoke- 
boxes,  and  funnels,  and  any  excessive 
wear  should  be  noted.  The  data 
obtained  from  the  drill  test  i^  tabulated, 
and  an  estimate  is  made  of  the  life  of 
the  boiler,  each  part  being  considered 
separately.  At  the  conclusion  of  the 
test,  the  test  holes  are  plugged  with  fine 
threaded  plugs,  screwed  in  from  the 
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inside  and  rivetted  over  on  the  outside. 
The  tubes  drawn  are  next  renewed, 
the  boiler  is  closed  up.  being  finally 

tested  bv  water  jire'^sure.  As  a  perma- 
nent record  ot  the  test  a  diagram  of 
the  boiler  is  prepared  showing  holes 
drilled  and  tubes  drawn,  Sucli  dia- 
grams are  shown  in  Figs,  i  and  2, 
the  holes  being  numbered,  and  the 


thickness  .gauged  being  noted  again-t 
eucli  number.  The  tubes  are  given 
either  numbers  or  letters,  the  letter 
being  the  better  method.  Should  two 
or  three  boilers  be  drill  tested  at  the 
same  time,  the  same  diagram  is  utilised, 
the  hole^  (hilled  in  the  different  b<»ilers 
being  distinguished  by  means  of  dif- 
ferent coloured  ink. 
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The  drill  test  of  a  water-lube  boiler 
is  necessarily  a  much  more  complicated 
matter  than  the  test  of  a  tank  boiler. 
Water  tube  boilers  by  the  nature  of 
their  construction  and  complicity  of 
parts  require  a  much  more  extended 
test,  and  each  particular  part  requires 
to  be  drilled  and  gauged.  The  number 
of  tubes  removed  is  usually  greater 
than  with  a  tank  boiler,  and  to  give 
an  adequate  idea  of  their  condition  the 
tubes  so  drawn  require  to  be  cut 
lengthways  so  as  tn  enable  a  microscopic 
exawiiiiaiion  to  be  made  of  the  water 
side.  The  examination  and  gauging 
of  the  tubes  is  all  important,  owint;  to 
the  high  pressure  the  tubes  are  sub- 
jected to,  and  also  the  fact  that  the 
tubes  are  thinner  than  in  a  tank 
boiler.  It  must  be  borne  in  mind 
that  in  this  type  of  generator  the 
external  fittings  are  much  more  compli- 
caterl,  such  fittings  as  flame  baftles, 
fuinucf  iitlings,  boiler  supports,  etc., 
all  require  careful  examination.  Owing 
to  the  small  amount  of  water  these 
boilers  carry,  and  the  damage  that  might 
occur  should  the  feed  supply  fail, 
automatic  feed  arrangements  are  now 
universally  htted,  and  at  the  drill  test 
these  fittings  must  be  disconnected 
and  carefully  examined.  In  connec- 
tion with  this  the  automatic  feed  Hoats 
should  be  examuied  for  signs  of  water- 
logging. This  is  usually  done  by 
weighing  the  float  and  comj^aring  the 
weight  with  the  original.  W  e  will  now 
describe  in  detail  the  drill  test  of  the 
most  imjiortant  water  tube  boiler.-.  For 
the  puqjose  of  our  test  wc  will  consider 
a  Belleville  boiler  of  the  newest  type 
fitted  with  an  economiser,  although  of 
course  the  general  method  is  the  same 
in  the  various  types  of  this  make. 
The  boiler  is  first  emptied  and  dried 
out,  and  an  examinati<m  is  made  of  the 
internal  surfaces  before  cleaning.  The 
internal  surfaces  should  then  be 
cleaned,  and  an  extended  examination 
made.  In  this  type  of  boiler  particular 
attention  should  be  paid  to  tne  condi- 
tion of  the  junction  boxes,  downcomers, 
and  sediment  chambers.  Holes  are  now 
drilled  in  the  steam  drum,  water  reser- 
voir, downtakes,  float  chambers  and 
mud  drums  ;  those  holes  are  drilled  at 
various  positions  so  that  a  good  general 


idea  ot  tlie  w  ear  of  the  parts  is  obtained. 
The  holes  are  next  carefully  gauged  by 
micromett^r,  and  the  thickness  compared 
with  the  original  thickness.  Any  pitt- 
ing discovered  should  be  gauged  and 
noted ;  this  refers  to  both  internal  and 
external  surfaces.  A  portion  of  the 
external  lagging  is  now  removed  and 
the  surfaces  examined. 

Should  it  be  deemed  necessary  a 
certain  percentage  of  the  junction 
boxes  should  be  r^oved  and  sawn 


through  without  removing  the  tube. 
1  hi>  test  shows  the  condition  of  the 
screwed  end  of  the  tube  and  its  bearing 
in  the  junction  box.  \  certain  number 
of  the  tubes  are  now  removed,  it  being 
usual  to  remove  three  tubes  from  both 
u;cnerator  and  econonii--er.  In  the 
economiser  the  top,  bottom,  and  an 
intermediate  tube  should  be  taken  out, 
and  the  top,  fue  row,  and  an  inter- 
mediate generator  tube.  When  select- 
ing an  intermediate  tube  preference 
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should  be  given  to  a  tube  which  shows 
signs  of  more  extensive  wear  than  the 
remainder.  Both  generator  and 
economiser  tubes  should  then  be 
cleaned  bv  the  acid  bath,  cut  up  in 
known  Icn^jtlis  and  weighed,  the 
weights  being  compared  with  the 
orif,'inal.  Certain  portions  of  the  tubes 
are  now  cut  longitudinally  to  allow 
the  thickness  to  be  gauged  and  the 
condition  determined.  Should  the  con- 
dition of  the  drawn  tubes  show  exces- 
sive wear,  further  tubes  should  be 
drawn,  cut  up,  and  tested.  The  gaug- 
inps  are  compared  with  the  original 
tlucknesses  and  carefully  noted.  The 


furnace  fittings  are  now  examined, 
flame  baffles  and  boiler  brickwork. 
Should  provision  be  made  to  allow 
the  various  parts  of  the  structure  to 
expand  or  contract  under  the  varvine: 
conditions,  the  condition  of  such 
arrangements  must  be  examined  and 
noted.  I-'inallv  the  boiler  mountings 
are  ojjened  out  and  examined,  the  test 
holes  plugged,  tubes  replaced,  and  the 
boiler  closed  up  and  toted  by  hydraulic 
pressure.  Test  diagrams  of  a  Belle- 
ville boiler  are  shown  in  Figs.  3  and  4. 

In  the  Babcock  and  Wilcox  boiler  the 
same  method  of  procedure  is  adopted  as 
regards  the  generator  tubes,  but  in  this 
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boiler  economisers  are  not  fitted.  It  is 
usual  to  draw  one  return  tube  at  the 
test,  this  tube  being  tested  in  the  same 
way  as  the  remainder.  With  this  type 
of  f^enerator,  the  tubes  vertirallv  under 
the  automatic  feed  arrangements  apjiear 
to  wear  more  than  the  remainder,  and 
at  least  one  of  the  tubes  so  situated 
should  be  drawn  and  tested.  Test 


same  manner  as  in  the  previous  tests. 
The  main  steam  drum  is  drilled 
at  front,  back,  and  above  and  below 
water  line.  The  lower  water  reser- 
voirs are  drilled,  one  at  the  front  end, 
and  the  other  at  the  pack.  If  con- 
sidered necessary  two  holes  are  drilled 
in  each  lower  drum.  A  complete  row  of 
tubes  are  then  cut  out,  starting  from  the 
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diagrams  of  the  Babcock  and  Wilcox 
boilers  are  shown  in  Figs.  5 
and  6. 

In  water  tube  boilers  of  the  small 
tube  type  a  rather  (iiliiient  method  is 
adopted.  We  will  take  lor  example  the 
test  of  a  White  Ftnster  boiler,  this  being 
a  well-known  small  tube  type.  The 
boiler  is  emptied  and  examined  in  the 


centre  of  the  drum  and  working  out  to 

the  wall  or  outside  row  in  a  horizontal 
Une.  This  is  done  in  order  that  a  more 
or  less  complete  estimate  of  the  condi- 
tion of  the  whole  of  the  rows  can  be 
obtaine<i.  On  tlieoj^positeside  a  tube  is 
cut  outtromthe  tire  row, and  one  from 
the  wall  row.  The  holes  drilled,  and 
the  holes  from  which  the  tubes  have 
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been  taken,  must  be  carefully  gauged 
and  noted  for  comparative  purposes. 
All  the  drawn  tubes  are  tested  as  in  the 
previous  tests  described.  Lagging  is 
next  removed  from  the  steam  and 
water  drums,  and  the  condition  ot  the 
sarfacescarefully  examined.  The  lower 
drum  sn])])()rts  or  IxMrint^-^  are  then 
carefully  examined.  As  the  brickwork 
is  an  important  factor  in  this  class  of 


plan  to  compare  their  slight  curvature 
with  a  new  row  of  tubes,  in  order  to 
detect  any  ^^igns  of  distortion. 

The  te>t  is  completed  on  the  lines 
indicated  with  the  other  type.  In  view 
of  the  increasing  favour  with  which  the 
Yarrow  large  tube  boiler  is  being 
retrarded.  es])ociallv  in  naval  circles,  it 
nnght  be  mentioned  here  that  the 
generator  is  tested  in  an  exactly  similar 
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boiler,  particular  attention  must  be  paid 
as  to  its  condition.  Casings,  batiles, 
and  uptakes  are  all  in  turn  inspected. 
The  zinc  slabs  in  the  steam  drum  are 
carefully  examined,  and  if  necessary, 
renewed.  This  point  is  important,  as 
should  flakes  of  zinc  drop,  it  mit,'ht 
cause  a  tube  to  become  clicked,  with 
the  consequent  danger  of  overheating. 
Before  the  tubes  are  cut  up,  it  is  a  good 


manner  as  the  White  Forster.  Fig.  7 
shows  test  diagram  of  a  White  Forster 
boiler. 

Tlie  importance  of  the  water  and 
drill  tests  of  modern  steam  generators 
cannot  be  overestimated,  as  upon  the 
rare  taken  with  these  tests,  theelhciency 
as  well  as  the  hfe  of  the  boilers  depend, 
and  last,  but  not  least,  the  safety  of 
the  persons  attending  them. 
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A  PROPOSED  PLANT  FOR  THE  PRODUCTION  OF 

CHEAP  PO\37ER 

By  Junci  Um,  Aanc.  H.  lart.  CB. 

Although  steam  boilers  have  been  fired  by  ^e  waste  gases  from  blast  fomaces  for  a 

gnat  number  of  years,  people  have  hesitated  to  put  down  producer  plants  specially  to 

make  gas  for  raising  steam.  However,  since  the  introduction  of  the  Mond  and  other 
similar  processes  ior  rccovriiriL;  sulphate  of  ammonia  from  piinliH  i  r  ,L;a->.  it  has  been 
found  111  some  instances  to  W  a  i  oiiuinTi  lal  proposition  to  put  up  witli  the  loss  m  gaMtica- 
tion  owinj^  to  the  cumpL-nsations  Irum  the  value  of  the  sulphate.  The  difficulty  lias 
hitherto  been  in  find i tig  a  type  of  tx>iler  really  adapted  for  gaseous  firing.  Apparently 
the  problem  has  been  largely  solved  by  the  discovery  of  flameless  combustion,  and  in  the 
preaeot  article  Mr.  HiU  has  pointed  out  the  poesibihUes  of  a  combination  of  a  modem 
producer  plant,  and  up  to  date  ammonia  recovery  appliances  with  a  really  efficient 
type  of  flamelcss  boiler  and  an  economical  type  of  steam  engine  like  the  IJniflow. 
It  will  be  extremely  interesting  if  the  results  he  deduces  from  tlie  combined  efficiencies 
should  be  borne  out  in  practical  working.  If  this  should  he  SO,  the  Steam  generating 
station  would  appear  to  still  have  a  prosperous  future  before  it. 


THE  search  for  a  plant  of  high 
thermal  efficiency  offers  an  in- 
teresting held  of  study  and  wide 
scope  to  all  engineers^  and  is  tmijortant 
from  a  commercial  as  well  as  a  scientific 
standpoint. 

There  is  always  great  difficulty  in 
choosing  K<  ii<  rating  plants  that  will 
give  higli  illicit  ncy  for  units  of,  say, 
from  200-800  B.H.P.,  and  most  stations 
cannot  have  their  generating  plant 
in  one  large  unit  with  one  spare  owing 
to  the  high  first  cost  and  limited 
flexibility  of  efficient  working. 

In  the  following  article  a  plant  is 
described  which  seems  to  be  an  advance 
in  the  right  direction.  It  is  proposed 
that  this  plant  should  consist  of  a 
producer  gas  plant  witli  ammonia 
recovery  plant  attached,  surface  com- 
bustion gas  fired  boilers  and  "Uniflow" 
steam  cnt^Mncs,  these  three  efficient 
generators  being  combined  to  produce 
an  apparatus  of  high  efficiency. 

With  this  proposed  plant  efficient 
results  could  be  obtained  in  single 
cylinder  units  ranging  from  200  to 
2,500  B.H.P.,  and  higher  still  by 
utilising  the  generated  steam  in  large 
steam  turbines.  Producer  gas  is 
manufactured  on  a  larqe  scale  with 
entire  satisfaction,  and  a  class  of  fuel 
can  be  used  wliich  would  not  be  suit- 
able for  consumption  in  coal  fired 
boilers  without  the  aid  of  induced  or 


forced  draught,  owing  to  the  high 

percentage  of  ash  present. 

The  ammonia  recovery  plant  is  a 
great  asset,  as  the  value  of  the  sulphate 
of  ammonia  recovered  considerably 
reduces  the  plant  cliargcs.  A  plant 
capable  of  gasifying  60  to  lOO  tons 
of  fuel  per  24  hours  would  cost  as 
follows : — 

Per  ton. 
s.  d. 

Charges. — Fuel  . .       . .       . .  10  o 

Wages  16 

Steam  20 

Stares. — Repairs  and  mainten- 
ance  06 

Sulphuric  acid  13 

Bagging  sulphate  of  ammonia  o  3 


Total  ..  15  6 


Credit. — 00  lb.  of  sulphate  of  ammonia 
per  ton  of  fuel  at  £13  per  ton=ios. 
5d.,  leaving  the  nett  cost  per  ton  of 
fuel=5s.  id. 

A  well-choscn  bituminous  coal  with 
a  low  percentage  of  sulphur,  and  fairly 
high  percentage  of  nitrogru  is  re(|uired. 

An  average  analysis  of  a  suitable 
coal  gives  5^0  w'ater,  80%  combusti- 
bles (of  which  50%  is  fixed  carbon 
and  j()"o  volatile  matter)  and  15% 
ash.  This  coal  has  an  average 
calorific  value  of  11,000  B.T.U.'s  per 
lb.  The  amount  of  sulj^ur  in  the 
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coal  should  not  exceed  2%  and  the 

amount  of  nitrogen  not  less  than 
X'5%  of  the  combustibles.  The  >ield 
of  sulphate  of  ammonia  entirely  de- 
pend-, upon  the  nitrogen  in  the  coal ; 
but  about  80%  of  the  theoretical 
amount  present  should  be  recovered. 
The  gas  obtained  has  an  average 
calorific  value  of  145  B.T.U.'s  per  cubic 
foot  (lower  value)  and  the  amount  of 
gas  that  can  be  obtained  from  i  ton 
of  fuel  is  140,000  cubic  feet  at  N  T. P. 
The  comjMJsition  of  the  gas  produced 
varies  slightly,  but  the  average  is  as 
follows 


furnaces,   but   the   introduction  of 

flameless  combustion  hns  removed 
this  objection.  It  is  possible  with  this 
system,  in  a  specially  constructed 
boiler  taking  up  only  one  quarter  of 
the  space  occupied  by  an  ordinary 
coal  fired  Lancashire  boiler,  as  manu- 
factured by  Messrs.  the  Bonecourt 
Surface  Combustion  Co..  I^td.,  to 
obtain  exceptionally  high  tlicrmal 
efficiency. 

Surface  combustion,  in  this  form  of 
boiler,  is  a  practical  development  of 
Sir  Humphrey  Davey's  experiment, 
in  which  it  was  foimd  that  a  whitehot 
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FIG.  3.  BUILEK   FLANT   POR  S.OOO  B.H.r. 
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The  steam  required  for  the  pro- 
ducers absorbs  15%  of  the  total  heat 
of  the  coal,  and  the  auxiliary  plant, 
which  includes  blowers,  pumps,  washer, 
motor,  etc.,  absorbs  another  2*?(,.  The 
nett  thermal  efticicncy  of  the  producer 
plant  is,  therefore,  65%. 

The  consiim]>tion  of  the  gas  in 
suitable  boiler  furnaces  lias  hitherto 
not  been  very  successful  without  the 
apfdication  of  elabwate  re-generating 


platinum  wire  held  in  an  e.xplosiv'c 
mixture  of  gas  and  air  still  remained 
white  hot.  The  usual  smoke  tubes 
are  converted  into  the  tire  tubes 
in  tliis  ty])e  of  boiler,  and  are  filled 
with  granular  refractory  material 
through  which  the  mixed  gas  and  air 
is  drawn  by  means  of  a  fan.  The 
refractory  material  having  once  become 
hot  the  gas  and  air  no  longer  bum  with 
a  flame,  but  are  consumed  flamelessly. 
It  is  found  that  combustion  takes 
place  very  rapidly  and  is  complete 
before  the  ga.ses  have  traversed  one 
foot  of  length  of  the  tube.  This,  of 
course,  shows  that  the  temiMTuture 
at  the  front  end  of  the  tube  is  very 
high  (about         F.),  and  at  the  baclc 
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end.  in  a  boiler  generating  steam  at 
170  lbs.  per  sq.  inch,  about  425''  F. 
The  large  drop  in  the  temperature 
along  the  tube  causes  a  violent  circula- 
tion of  the  water  in  the  boiler,  and  it 
has  been  found  to  reduce  the  tendency 
of  scaling  to  a  minimum  after  long 
periods  of  running  with  water  not 
altogether  pure. 


The  front  end  of  each  firing  tul>c  is 
fitted  with  a  fire  clay  plug  alxiut 
4  ins.  long  with  a  f  in.  diameter  hole 
in  the  centre.  This  plug  tends  to 
keep  the  front  end  of  the  tub«-.  which 
is  not  in  contact  with  the  watrr,  owing 
to  passing  through  the  tube  plate, 
comparatively  cool,  and  also  speeds 
up  the  velocity  of  the  gas  and  air 
cf)ming  in  from  the  mixing 
chamber,  and  thus  prevents  the 
tendency  to  back  fire. 

Fig.  I  shows  the  general 
arrangement  of  a  l>oiler  capable 
of  evaporating  5,000  lbs.  of 
water  per  hour.  The  boiler 
is  very  short,  the  firing  tubes 
being  only  4  feet  in  length, 
and  in  larged  sized  units  it 
would  only  be  necessary  to 
increase  the  diameter  of  the 
boiler,  as  the  fall  in  tempiTa- 
ture  along  the  tube  would  be 
exactly  the  same.  Tiie  thermal 
efficiency  of  this  boiler,  after 
deducting  tlie  amount  of  ]iower 
required  for  the  fan,  and  in- 
chiding  the  feed  water  heater, 
was  oo'\>.  which  is  considerably 
higher  than  any  tVTX'  of  coal 
fired  boiler  can  show.    As  the 
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temperature  of  the  exhaust  gases 
is  so  Jow  it  is  not  possible  to  generate 
super-heated  steam  by  these  gases, 
but  a  fetid  water  heater  is  provided, 
the  tubes  of  which  are  filled  with 
the  same  granulated  refractory 
material  as  the  tubes  in  the  boiler. 

To  super  heat  the  steam  made  by 
the  boiler,  it  is  necessary  to  use  a 
separately  fired  super-heater  as  shown 
in  Fig.  2,  and  this  super-heater 
can  be  self-regulating  with  a  thermo- 
static valve.  The  loss  of  efficiency 
owing  to  this  separately  fired  super- 
heater is  10%,  but  super-heated  steam 
is  not  absolutely  essential  in  tliis  type 
of  engine,  as  it  is  claimed  by  "  Stumpf  " 
that  there  is  little  to  be  gained  by  its 
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use  ;  thus  reducing  the  nett  efficiency 
of  the  boiler,  including  the  super- 
heater to  80%. 

Fig.  3  shows  the  proposed  arrange- 
ment of  a  suitable  boiler  plant 
for  5,000  B.H.P.,  allowing  two  boilers 
as  spare.  The  boilers  are  shown  back 
to  back  with  one  common  flue  running 
through  one  feed  water  heater  ;  the 
gases  being  drawn  away  by  two  fans 
(one  spare)  and  taken  away  by  a 
short  stack.  The  steam  is  shown 
gathered  into  a  trunk  main,  which  can 
be  bye  passed  at  will  through  a 
separately  fired  super-heater  (Fig.  2). 
Tlie  nett  thermal  efficiency  of  this 
boiler  and  super-heater  surpasses  all 
other  types  of  coal  fired  boilers  by, 
at  least,  10%,  moreover,  the  plant 
requires  less  attendance.    i»  i.  l;,^   , . , 

The  sulphur  in  the  furnace  gases 

in  the  form  of  sul])hur  dioxide  combines 
with  the  water  of  combustion  to  form 
sulphurous  acid,  and  also  small 
quantities  of  sulphuric  acid.  The 
amoiint  of  sul])hur  in  the  coal  must, 
therefore,  be  kept  as  low  as  jxissible 
to  avoid  serious  corrosion.  The  gas 
need  not  be  absolutely  free  from  tar, 
as  any  tarry  matter  could  not  remain 
in  the  fire  tubes  owing  to  the  high 
tem])erature. 

Tlie  Uniflow  steam  enf^ine,  as  the 
name  suggests,  utilises  the  steam  by 
keeping  up  a  constant  flow  in  the 
cylinder  from  high  pressure  at  each 
end  of  the  cylinder  to  vacuum  at  the 
centre,  where  the  exhaust  takes  place, 
and  so  reduces  tin  condensation  loss 
to  a  minimum  ;  in  fact,  it  is  claimed 
to  be  absolutely  absent ;  whilst  in  the 
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alternating  flow  tyjx*  of  enf^nf.  f'f^i" 
dcnsation  takes  place  to  a  marked 
degree.  Fig.  4  illustrates  the  general 
appearance,  and  cross  section  of  a 
Lniflow  steam  eneine,  as  built  by 
Sulzer  Bros.  It  wll  be  seen  from  the 
section  that  the  steam  inlet  valves  are 
tixed  in  the  cylinder  heads,  and  the 
exhaust  ports,  whicii  are  of  four  times 
^eater  area  tlian  the  area  of  steam 
inlet,  are  ]ihired  in  the  centre  of  the 
cylinder ;  being  conducted  into  a 
Camber  communicating  with  the  con- 
denser. The  cylinder  lieads  are  so 
constructed  that  a  portion  is  utihsed 
as  a  recdver.  while  the  other  portion 
is  used  to  increase  the  compression 
space  when  start  in  n]>  the  engine,  or 
wlien  exhausting  tu  atmosphere  ;  this 
extra  allowance  is  communicated  to 
the  cylind'-r  Ity  a  \'alve  manijnilated 
by  hand.  The  cost  of  maintenance 
of  this  type  of  engine  is  exceedingly 
low.  The  cylinder  in  this  illustration 
is  un-jacketted  and  is  constructed 
for  use  with  super- heated  steam,  but, 
where  saturated  steam  IS  used,  the 
cylinder  is  jacketted  for  a  portion  of 
its  lengtli  at  each  end. 

The  indicator  cards  (Fig.  5)  show 
clearly  the  action  of  the  stearn  in  the 
cylinder,  and  the  expansion  and  com- 
pression curves  on  these  cards  are 
almost  adiabatic. 


Fig.  6  shows  the  efficiency,  and 
consumption  curves  for  "  Sulzer " 
Uniflow  steam  engines  from  200  to 
2,500  B.H.P. 

These  figures  include  the  power  used 
in  the  condensing  plant,  and  it  will  be 
seen  at  a  glance  that  they  compare 
very  favourably  in  the  small  sized 
units  witli  tri])le  ex])ansion  engines 
of  larger  si/e.  They  relate  to  single 
cylinder  units  only,  but  it  would  be 
possible  to  combine  two  single  cylinder 
units  into  a  twin  engine  to  increase 
the  capacity  of  tlir  units  t(»  5.000 
B.H.P.  The  power  required  for  other 
portions  of  the  condensing  plant,  sttdi 
as  feetl  ]nimps,  etc.,  woiud  be  about 
5"o  and  the  mechanical  efficiency  of 
the  engine  <)0*'o.  (  <»niliining  the 
thermal  efficiency  of  these  three 
systems,  namely.  65",,  for  the  j^rodiicer 
plant,  80%  for  the  surface  combustion 
boiler  (including  super-heatery,  5ii% 
for  the  small  engine  and  5'>'\,  for  the 
larger  units — the  nett  thermal  effici- 
ency of  such  a  plant  would  be  26}% 
for  the  small  engines  and  2q^^^  for 
the  larger  engines.  This  latter  figure 
expressed  in  heat  units  recovered  from 
the  coal  is  equivalent  to  3,190  re- 
covered out  of  11,000  pre'scnt.  which 
is  a  decided  in;pro\cment  upon  any 
existing  generating  plant  running  on 
a  commercial  scale. 
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By  CIm.  H.  ▼«]! 


THIS  improved  nK  tluxl  w.is  adopted 
as  a  means  tu  increase  and 
cheapen  the  prodaetHUi  of  tubes 
ovtr  the  old  systems  of  back-ending 
and  fore-ending,  and  the  bell-welding 
as  worked  with  the  tags  attached  to 
the  strip. 

This  latest  method  of  butt -welding 
came  from  the  United  States  about  lo 
to  12  years  since,  and  practically  is 
mechanical  from  start  to  nnish,  manual 
labour  taking  a  very  small  part  except- 
ing in  directing  the  various  machines 
through  which  the  tube  passes  in  the 
different  stages  of  manufacture.  The 
initial  cost  and  outl»r  of  a  fair  size 
plant  somewhat  prohibits  its  adoption 
by  small  and  medium  size  firms,  espe- 
cially as  small  plants  under  this  system 
work  with  less  economy,  and  again 
to  §et  the  greatest  production  at  the 
niinmium  of  cost  it  is  necessary  to 
work  day  and  night,  and  thus  large 
firms  have  another  advantage, as  they 
generally  are  in  a  better  position  to  do 
this. 

A  <me furnace  plant,  or  one  unit  as  it 
may  be  termed,  produces  somewhere 
about  three  to  four  times  more  tubes 
than  one  coal-fired  furnace  could  under 
the  old  system.  It  must,  however,  be 
borne  in  mind  by  way  of  comparison 
that  it  is  a  gas-rared  as  against  aooal- 
fired  furnace.  The  gas-fired  furnace  is 
of  much  larger  capacity,  and  were 
it  not  for  the  mechanical  arrange- 
ments in  handling  the  tubes  it  would  be 
practically  impossible  for  human  Ix'ings 
to  stand  the  wear  and  tear  of  handling 
the  tubes  produced  by  this  type  m 
furnace.  Tnere  is  a  limit  to  human 
endurance,  especially  with  the  welder 
in  this  system.  Tbae  are  generally 
three  welders  to  each  furnace  workuig 


in  turns,  so  long  on  and  so  long  off. 
The  heat  is  simply  overpowering;  each 
man  as  he  takes  his  turn  wears  blue 
glasses  to  protect  his  eyes,  a  shield  to 
protect  his  face  and  head,  whilst  a  fan 
ts  employed  blowing  a  current  of  cold 
air  across  tin  front  of  the  furnace  to 
enable  him  to  get  close  up  when  fixing 
his  tongs  on  to  a  strip  inside  the  furnace 
which  may  be  ready  for  wel^g.  The 
ftirnace  of  one  unit  plant  is  generally 
supplied  by  one  or  more  gas  producers, 
of  the  water-sealed  continuous  type,  it 
being  found  in  practice  that  jiroducers 
in  series  work  better  than  a  large  one  of 
equal  cajiacity.  The  producers  may 
be  fixed  a  distance  away  from  the  fur- 
nace in  a  convenient  place  which  is 
often  ruled  by  local  conditions,  the 
coal  supply  and  handling  having  to  be 
considered  with  their  advantages  or  dis- 
advantages as  the  case  may  be.  The 
gas,  of  course,  is  carried  by  flues 
underground  or  overhead  which  ever 
way  may  be  most  convenient. 

The  nimace  generally  adopted  is  of 
the  cross- fired  type  fitted  with  gas  and 
air  valves  made  reversing,  and  one 
main  valve  for  regulating  the  supply 
of  gas ;  and  by  means  of  regenerating 
chambers  underneath  the  greatest 
economy  is  obtained  from  utilising  the 
waste  heat.  The  length  of  the  bed 
should  b<'  such  as  to  enable  it  to  deal 
easily  with  the  length  of  tube  it  is 
int^ded  to  make ;  in  fact,  a  foot  or 
two  to  spare  will  be  found  an  advan- 
tage. The  strip  is  delivered  to  the 
end  called  the  charging  end,  a  machine 
here  shears  off  the  comers  of  the  strip 
to  slia])e  (Fit,',  i)  prior  to  its  being 
charged  into  the  furnace,  the  object  of 
this  being  to  enable  the  strip  to  lead 
easily  into  the  welding  bell,  this  lead 
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giving  a  gradual  turn  from  the  flat 
into  the  tube  as  it  passes  through  the 
beU-shaped  die.   (Fig.  2.) 

I  ^ 
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The  bed  of  the  furnace  is  wide  enough 

to  take  18  to  20  strip-;  of  some  sizes 
side  by  side ;  this  number  varies 
according  to  the  diameter  and  size  of 
the  tube,  bein^  less  for  the  larger 
sizes.  As  one  is  drav\7i  and  welded 
from  the  furnace  a  fresh  strip  is 
charged  into  its  idace.  The  length  of 
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strip  used  may  be  anything  from  20  to 
25  fret  long.  As  soon  as  the  first  strip  is 
ready  for  welding,  the  welder  fixes  his 
tongs  (Fig.  3)  on  to  the  bevelled  end  of 
the  strip,  the  nose  of  which,  previous  to 
charging  into  the  furnace,  is  set  up  by 
the  machine  when  shearing  off  the 
corners  ;  the  object  of  this  is  to  ensure 
the  welder  pusliing  his  tongs  easily 
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and  surely  on  to  the  strip  before  closing 
the  reins.  He  then  passes  the  die  (Fig.  2) 
over  the  tongs,  these  being  so  con- 
structed that  when  closed  in  the  grip 
they  pass  easily  tforottgh  the  die,  the 
end  of  one  rein  being  formed  into  a 
cylindrical  knob  with  a  slot  on  the  one 


side  into  which  the  other  rein  tits 
whilst  the  grip  is  on  the  strip,  and  so 
held  by  the  s])ring  resistance  of  the 
reins.  Tliis  knob  forms  an  easy  means 
of  connection  with  the  wagon  which 
has  a  slot  in  the  front  bar,  into  which  it 
is  dropped  by  the  welder  :  the  wagon 
runner  then  dro}>s  the  dog  into  the 
draw  bench  chain,  and  thus  the  strip 
is  drawn  from  tlie  furnace,  turned  and 
welded  into  a  tube  at  the  one  operation. 
As  each  strip  is  welded  the  drawbench 
is  moved  on  t(»  the  next,  the  bench 
working  radially  from  gearing  at  the 
front  end.  and  thus  traveUing  back- 
wards and  forwards  to  each  strip  as  it 
lies  in  the  furnace  wliich  oisures  a 
straight  pull  out. 

The  tube  is  delivered  from  the  bench 
on  to  skids  down  whicli  it  rolls  into  a 
trough;  at  the  same  time  the  weld  is 
examined  as  to  its  soundness.  If  not 
pro])erly  welded  the  tul>e  is  tlirown  out, 
if  sound  it  passes  from  tliis  trough  to 
the  sizing  rolls.  These  rolb  ensure 
all  tubes  to  be  of  the  same  diameter,  the 
wear  on  the  rolls  being  less  in  propor- 
tion to  the  work  done,  tiian  is  the  case 
with  the  welding  dies 

The  tube  is  passed  from  the  sizing 
rolls  by  means  of  a  covered  trough 
through  the  cross  or  straightening  roOs 
where  it  enters  a  trough  covered  with 
a  Iiingcd  lid ;  this  hd  is  actuated  by 
means  of  balanced  levers,  the  operator 
by  pressing  down  the  lever  lifts  the  lid, 
the  tube  rolling  out  on  to  the  skids  or 
cooling  rack.  From  here  the  tubes 
are  taken  one  at  a  time  when  cool 
enough  to  handle,  examined  as  to  their 
straightness  and  facial  delects,  and  if 
not  straight  are  sprung  so  through  a 
block. 

The  springer  after  passing  each  tube 
drops  it  into  cradles  in  quantities  of 

15  cwt.  to  20  cwt.  ;  these  cradles  are 
moved  on  by  means  of  an  overhead 
single  run  eh^ctric  crane  to  the  screwing 
machines  which  are  of  the  automatic 
or  open  die  typ>e  and  fitted  with  cutting 
off  arrangements.  Here  the  tubes  are 
squared  on  the  ends  before  screwing,  a 
sufficient  number  of  cradles  being 
necessary  (two  to  each  macliine)  for 
conveying  the  unscrewed  tubes  to,  and 
the  screwed  tubes  away.  As  one 
cradle  is  unloaded,  another  full  one 
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takes  its  place  and  so  the  tubes  after 

screwing  arc  carried  away  to  the 
j^oving  benches  by  the  same  crane 
where  each  one  is  tested  to  5  or  600  lb. 

water  pressure  per  scjuare  inch,  this 
pressure  being  generally  maintained  by 
pumps  and  accumulators  set  to  the 
pressure  reciuired.  The  construction  of 
the  pn)ving  Ix-nches  is  so  arranged  that 
as  eacli  tube  is  inserted  between  the 
heads  it  becomes  charged  with  water 
from  a  sej)arate  sup])ly.  from  a  tank  or 
reservoir  with  a  liead  sulhcicnt  tu  hll 
the  tube  quickly,  and  by  the  operation 
of  cocks  this  supply  is  closed,  and  the 
pressure  from  the  accumulator  turned 
on  ;  this  plan  is  generally  adopted  for 
medium  and  large  size  tubes,  the 
smaller  tubes  bt>ing  usuali\'  filled  direct 
from  the  accumulator.  The  head  of 
the  proving  pump  is  cyUndrical,  and 
inside  of  it  i-^  a  specially  desigm  d  pi^-ton 
and  valve  wliich  travels  forward  to 
make  the  joint  on  the  end  of  the  tube,  at 
the  same  time  charging  it  with  the 
J  water  under  ])ri  ssure  ;  the  head  at  the 
other  end  being  litted  with  an  air  tube 
§  escapa  and  adjustable  to  suit  the 
varying  length>^  of  the  tube<.  The  head 
is  held  in  position  by  a  lever  of  a 
simple  and  quick  action  construction. 
A  gauge  ret;i^f eritiL,'  tlie  pressure  is 
fixed  to  tlie  chargmg  end  for  the  guid- 
ance of  the  operator.  Imperfect  weld- 
i  ing,  split  ends  from  screwing  and  other 
[  defects  are  generally  exposed  by  this 
7,  test,  the  tubes  with  such  are  marked 
i       and  thrown  on  one  side. 

Since  the  introduction  of  electric 
driving,  wliich  is  so  easy  of  divi>ion 
iiitn  units,  the  chance  of  stoppages 
has  been  rethiced  to  a  minimum.  In  a 
thoroughly  well  designed  works  with 
electric  dnving  the  efficiency  has  greatly 
increased,  as  e<)m])ared  with  tlie  old 
system  of  drivmi^,  by  means  of  a  steam 
engine,  all  the  different  departments  as 
one  unit.  es|xcially  as  some  firms  have 
been  loth  even  to  modernise  their 
engines  ;  some  of  the  worst  types  are 
still  to  be  found  in  these  mills,  probably 
g  having  been  good  friends  in  the  days 

I  long  gone,  they  arc  still  retained,  but 

j|  are  not  so  economical  as  thdr  offspring 

of  a  lat^  generation. 


THE  MECHANICAL  HANDLING  OF  COKE  FROM 


COKE  OVENS 


By  C.  F.  Ztmincr 


Conclusion 


STOLE,  of  Farlowitz,  in  his  latest 
coke  plant  (Fit;.  28).  has  adoptid 
a  water  trough  or  canal,  similar 
to  the  installation  shown  in  Fig.  25, 
but  the  canal  is  not  for  quenching  pur- 
poses in  this  case,  but  to  float  the 
hot  coke  rcii'ptacles,  like  boats,  to 
the  quenching  tower,  a  power-driven 
water  wheel  creating  the  necessary 
current  for  the  conveyance  of  the  coke 
receptacles.  The  modus  operandi  is  as 
follows  A  floating  rercptaclf  is  placed 
in  front  of  the  oven  to  be  pressed,  which 
receives  the  charge  which  is  super- 
ficially quenched  under  a  watrr  spray. 
The  vessel  is  now  rehtased  and  the  hnal 

auenching  proper  is  not  performed  until 
tie  floating  skep  reaches  the  quenching 
tower  a,  here  it  is  emptied  on  to  a 
grating  b,  and  conipleti-ly  quenched  by 
the  quencher  c,  tlie  shute  d  is  now 
lowcrc*!  and  the  coke  is  raised  bv  the 
lilt  either  for  classification,  ur  into 
railway  tracks,  leaving  the  breeze 
beneath  the  bar  screen.  Since  the  skeps 
float  rather  deeply  in  the  water,  tliey  do 
not  suffer  to  any  great  extent  hrom  the 
hot  coke.  So  far  this  system  has  only 
been  used  in  gas  works,  but  it  is  also  to 
be  adopted  for  coke  ovens. 

Lastly,  we  have  to  deal  with  those 
appliances  for  whic  li  there  is  no  hearth 
necessary  at  all,  and  in  which  quench- 
ing, sifting  and  loading  is  performed 
as  a  continuous  process.  An  installa- 
tion of  this  type  is  that  of  "  Meguin  " 
(Fig.  29  ; )  the  machine  is  mounted  on 
whc<'ls  and  runs  along  the  front  of  the 
ovens  on  rails.    The  coke  is  pushed  past 


a  long  quencher  a  (consisting  of  a  net- 
work of  spraying  pipes),  and  over  a 
sloping  shute  into  a  hopper  b,  through 
the  adjustable  spout  of  which  the  coke 
falls  on  to  a  travelling  band  r,  the  lower 
terminal  of  which  dips  into  a  water 


riS.  39. — TMK  COKB  KANDLIKC  HViiTBII  Or  STOLB  OP 
rAKLOWITX. 

tank  so  that  the  coke  is  thorouglily 
quenched  on  its  way  to  the  screen  d, 
which  delivers  the  large  coke  on  to  a 
shute  leading  to  the  railway  truck, 
whibt  the  screenings  are  discharged 
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into  a  special  hopper.  The  overflow 
water  from  the  quenching  tank  runs 
into  a  drain  extending  the  whole  length 
of  the  battery,  the  tank  being  re- 
plenished with  water  from  a  trench  /, 
by  means  of  a  centrifugal  pump  g, 
coupled  direct  to  the  motor  operating 
the  machine.    Since  the  conveyor  c  is 


consists  of  an  inclined  conveyor  deliver- 
ing the  coke  to  a  screen  forming  a  part 
of  the  machine  and  loading  it  direct  into 
trucks.  The  coke  is  exposed  to  the 
action  of  a  quencher,  and  the  work  is 
afterwards  completed  while  on  the  con- 
veyor by  additional  jets.  The  sections 
of  the  conveyor  arc  made  of  perforated 


ttC.    3<). — SHOWI!<C   THr    rUKTABLB   Ql'ESCMINO,  SIfTIKC   AND   LOAOING   MACHINE  Or  NI>.Gl-I<«. 


sufficiently  long  to  hold  a  full  charge 
from  one  oven,  the  machine,  when 
filled,  can  be  run  to  any  part  of  the 
track  for  discharging  into  trucks,  so 
that  all  shunting  is  dispi'nsed  with. 
For  blast-furnace  work,  the  machine 
discharges  into  hoppers,  from  which 
the  charging  skeps  can  be  loaded. 

A  modified  form  which  was  success- 
fully installed  at  the  cokery  of  the  Soc. 
des  Mines  dc  Bethune.  Bully,  (Fig.  30) 


sheet-iron,  with  side  plates  12  in.  high. 
The  conveyor  consists  of  three  chains 
connected  to  each  other  by  cross  pieces, 
and  a  narrow  gangway  for  the  atten- 
dants is  provided  on  either  side  of  the 
conveyor.  The  delivery  end  of  the 
machine  is  provided  with  a  jigging 
screen,  and  the  whole  of  the  installation 
is  mounted  on  a  substantial  frame 
running  on  wheels  in  front  of  the 
battery.    The  quencher  and  loader  is 
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consists  of  a  uratiii^'  < .  the  bars  of  which 
are  attarlud  to  two  frames  in  such  a 
way  that  those  securetl  to  the  frame  c", 
can  alternately  be  raised  and  lowered 
by  means  of  a  roller  {,  whilst  the  inter- 
mediate bars  remain  stationary.  The 
screen  is  operated  by  eccentric  shafts. 
d  and  r,  on  which  the  screen  frames  are 
loosely  mounted  in  guides  c\  On  the 
side  away  from  the  ovens,  the  screen 
has  a  cast  iron  hinged  extension,  s., 
which  is  liftetl  up  while  the  coke  is 
being  receivetl.  but  falls  down  auto- 
matically when  the  S(  i  <  n  is  tilted,  and 
forms  a  shute  for  the  di-^  ]\\\rzr  of  the 
large  coke  to  the  trucks.  1  iu-  Mn  en- 
ings  fall  into  the  hoppered  bunkers  of 
perforated  plate  in  tlie  underlvxh-  of  the 
carriage,  so  as  to  allow  the  quenching 
water  to  escape.  The  quenching  water 
is  drawn  from  a  mndnit,  /;,  lu  low  the 
track  through  a  suction  pipe  i,  by  means 
of  a  centrifugal  pump,  which  delivers 
the  water  to  a  scries  of  sprinkling  pipes, 
k,  above  the  screen.  The  machine 
deals  in  each  operation  with  the  whole 
charge  of  one  of  the  ovens,  which  may 
be  di^charL^ed  into  any  of  tlie  railway 
trucks  in  waiting,  by  raising  the  grating 
f  '.  as  shown  in  dotted  lines.  The  agita> 
tinn  the  coke  receives  from  the  bar 
screen,  does  not  only  dispose  of  the 
breeze,  but  it  loosens  the  coke  lightly. 


no.  3a.— ELEVATION  AND  CROSS  SECTION  Ol-  Tllli  UOOOALL  MACHINE  AS  M  A.N  t  r  ACI I  N 1. 1>    UV  W.  J.  IKNKIM* 

CO..  LTD.,  or  mnnmn. 


moved  from  uiic  oven  to  another  In'  a 
slewmg  crane,  operated  irom  the  main 
motor  by  ropes  ;  and  a  contrivance  with 
intermittent  motion,  between  the 
quencher  and  conveyor,  enables  the 
coke  to  be  spread  out  for  completing 
the  quenching. 


PIO.  31. — COKr   MANnilNU   machine  Of    KlilLNER  ANU 
FMTTMAIfli  (SCHOMACRBK  SVSvaa). 

.Another  somewhat  different  type  is 
the  machine  of  Kellner  and  Flottmann, 
of  Diisseldorf,  used  at  the  Heme 
cokery  of  the  H listener  (lewerkschaft. 
Fig.  31.  In  front  of  the  short  ramp  a, 
and  about  6  ft.  lower,  is  a  second 
broader  level  b,  with  the  rail  track  for 
the  machine.  Tlie  .ip]niratus  like  th<isr 
formerly  described  is  self-contained ; 
the  floor,  as  it  were,  of  the  machine. 
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and  with  a  minimum  of  breakage,  for 
the  easier  access  of  the  quenching  water 

to  all  parts,  and  a  more  uniform  t ooliii;,'. 
The  screenings  arc  delivered  at  intervals 
to  a  classifying  plant  at  the  end  of  the 
battery.  The  whole  machine  can  be 
worked  by  one  man,  and  is  operated  by 
a  35  h.p.  motor,  a  b  h.p,  motor  driving 
the  pump. 

The  latest  machine  \v!ii*  h  automati- 
cally receives,  quenches,  screens  and 
delivers  the  whole  chaise  of  an  oven 
into  any  available  tnirk  along  the 
whole  line  of  coke  ovens,  is  that  of 
Goodall,  and  it  is  at  work  at  the  Wear- 


no.  33-— ••«•*>♦  or  COOOALL  MACMINB  SHOWK  IM  WtC.  JJ, 

dale  Steel,  Coal  and  Coke  Co.,  Spenny- 
moor,  as  well  as  at  several  other  larfic 
establishments.  Figs.  32  tSc  33.  Tiie 
machine  consists  of  a  large  iron  frame 
running  on  eight  wheels,  on  rails 
placed  in  the  position  usually  occupied 
by  the  bench  or  quenching  floor. 
Tlie  machine  is  fitted  with  motor 
and  gearing  to  propel  it  along  the 
rails  tn  either  direction  and  to  re- 
volve the  tabic  or  coke  receptacle, 
and  drive  the  shaking  screen,  in  the 
centre  of  the  frame  there  is  a  substantial 
cast  steel  footstep  bearing,  which 
receives  a  short  vertical  spindle.  From 
this  axle,  leading  to  the  perifery, 
horizontal  girders  are  fixed  which  are 


connected  at  their  extremity  by  a  cast 
steel  ring  having  teeth  at  its  lower  edge 
and  forming  a  large  wheel  which  gears 
into  a  pinion  on  a  horizontal  shaft. 
Below  this  turn-table  thare  b  a  rail 
bent  into  a  ring-form,  which  gives  the 
table  support  and  stability,  by  means 
of  a  ring  of  rollers  running  on  the  same. 
The  framework  of  the  table  so  formed 
i'^  covered  with  interchangeable,  per- 
forated cast  iron  plates,  so  as  to  form 
a  revolving  table  20ft.  diameter  to 
receive  a  charge  of  coke  ;  the  table  is 
surrounded  by  plates,  which  are  also 
lined  again  with  interchangeable  cast 
iron  plates  up  to  the 
height  of  3  ft.  There 
is  a  slot  like  opening, 
with  guide  plates,  in 
this  outer  cylindric 
ring  on  the  oven  side 
of  the  machine,  suffi- 
ciently large  to  allow 
the  cake  of  coke  to 
enter.  1  irectly  oppo- 
~.iie  this  opening  is  a 
lar^e  door  in  the  same 
cy  hndrical  casing, 
manipulated  by  a 
winch  and  chains  in 
Sttch  a  way  that  when 
the  door  is  closed  the 
inside  of  the  casing  is 
a  complete  ring,  'but 
when  open  the  door 
projects  inwards  and 
reaches  to  the  centre 
of  the  turn  table,  and 
being  fitted  with 
plough-shaped  cast- 
ings on  the  back,  acts 
as  a  scraper  to  remove  the  coke  from 
the  revolving  table.  Under  the  door- 
way is  arranged  either  a  fixed  or 
jigging  screen,  and  the  (oke  coming 
from  the  table  falls  on  to  the  screen 
and  passes  thence,  properly  screened, 
into  the  railway  wagon.  A  receptacle 
below  the  screen  receives  the  breeze 
and  small,  which  is  emptied  periodically. 
Above  the  revolving  table,  as  well  as 
down  the  sides  of  the  cylindrical  casing, 
is  a  net  of  water  pipes,  perforated  so  as 
to  act  as  sprays  for  quenching  the 
incandescent  coke,  and  a  small  hose 
for  spraying  water  by  hand  is  also 
provided,  to  play  in  any  direction  where 
It  may  be  necessary. 
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The  method  of  working  the  machine 
is  as  follows : — ^First  the  huge  apparatus 
is  driven  along  the  rails  and  placed 
opposite  the  oven  to  be  discharged ; 
the  oven  door  and  the  receiving  slot 
having  first  been  opened,  the  pushing 
then  commences.  As  soon  as  the  red- 
hot  cake  of  coke  enters  the  machine  the 
water  is  turned  on  and  the  quenching 
Ix'gins.  When  the  coke  has  reached 
about  one-third  across  the  table,  the 
latter  is  caused  to  revolve  in  the  direc- 
tkm  of  the  clock.  The  coke  then  rests 
on  the  table,  and  the  continued 
motion  of  the  latter,  combined  with  the 
continuous  forward  motion  of  the  cake 
of  coke,  gently  promotes  the  distribu- 
tion of  the  contents  of  the  oven  over 
the  revolving  table.  The  qui  iu  liing 
operation  proceeding  all  the  while  by 
water  being  sprayed  on  to  the  coke 
both  from  above  and  sideways,  until 
at  last  all  the  coke  is  on  the  table,  whic  h 
is  now  stopped  and  the  machme  moved 
a  few  feet  out  of  the  way  so  that  the 
oven  door  may  be  put  on  at  once. 
The  water  is  now  shut  off  and  a  reason- 
able time  allowed  for  steaming  and 
drying,  say  lo  minutes,  after  w^hich  the 
table  with  its  load  of  coke  is  slowly 
revolved,  and  the  attendant  with  his 
hand  hose  sprays  water  on  any  red 

places  tmtil  the  whole  of  the  coke  is 
quenched.  Surplus  water  drains  away 
immediately  through  the  perforated 
plates  in  the  table,  and  so  avoifls  over- 
wetting  of  the  bottom  coke.  The  small 
breeze  which  passes  through  writh  the 
qu<Tiching  water  collects  in  lnr:^r  bins 
between  the  rail  track,  divided  off 
transversely  by  walls  ;  here  the  breeze 
settles  at  the  bottom  and  the  water 
percolates  through  to  a  drain,  so  that 
tlie  remaining  brcc/.e  may  be  collected 
from  time  t(j  time. 

The  quenching  being  completed  after 
about  lo  minutes,  the  flexible  water 
connection  between  the  fixed  main  and 
the  machine  is  disconnected,  and  the 


same  is  propelled  along  the  rails  to  any 
waiting  wagon,  either  in  front  of, 
some  way  beyond,  the  oven  from  which 
the  coke  came.  The  discharging  door 
is  then  opened  a  little  way  at  first, 
inwards,  and  the  table  revolved  in  a 
counter  clo  kwise  direction;  the  coke 
is,  in  consequence,  gradually  pushed  out 
by  the  plough-like  door,  on  to  the 
screen,  which  is  set  in  motion  by  means 
of  gear  from  the  motor,  and  the 
screened  coke  is  automatically  loaded 
into  the  wagon.    (Srr  Fig.  34). 

One  of  the  miportant  features  of  the 
system  is  the  expeditious  way  in  which 
the  coke  is  handled,  the  time  occupied 
from  the  start  of  the  push  to  the  time 
when  the  door  is  on  the  oven  again 
ready  for  re-charge,  is  only  8  minutes, 
and  the  whole  operation  from  the 
beginning  of  the  loading  into  the 
wagon,  including  the  steaming  or 
drying  p<'ri(Kl,  does  not  require  more 
than  27  minutes. 

The  principal  advantages  of  this 
mnchine  are  the  great  simplicity,  in 
spite  of  its  automaticity  (the  weight 
being  only  about  28  tons),  and  the  fact 
tliat  the  hot  coke  comes  only  in  con- 
tact with  renewable  cast-iron  plates,  a 
material  which  is  least  effected  by  its 
contact. 

The  installation  at  the  Weardale 
Steel,  Coal  and  Coke  Co.,  at  Spenny- 
moor,  has  been  at  work  for  nearly  two 
vears  ;  it  serves  a  battery  of  60  ovens, 
with  a  yield  of  1,700  tons  per  week,  and 
is  attended  by  two  or  three  men  only, 
as  against  21  to  27  when  the  coke  was 
quenched  and  loaded  from  an 
ordinary  hearth  by  hand.  In  addition 
to  this  advantage,  the  breakage  of 
coke  is  less  by  i  per  cent.,  and  the 
moisture  contained  is  below  z  per  cent. 

The  machine  is  driven  by  a  three- 
phase  electric  current  from  the  central 
station  close  to  the  works,  but  it  is  of 
course  equally  adaptable  for  steam- 
power. 


L  yiu^  jd  by  Google 


THE  NEW  DOCK  DEVELOPMENTS  AT  UVERPOOL 


By  John  B.  C«  Kmbaw 


THE  combint'd  loadint,'  and  {^rav- 
ing  dock  which  is  to  be  opened 
at  Seaforth,  Liverpool,  by  their 
Majesties  the  King  and  Queen  on  the 
nth  of  this  month,  n-prcsents  the 
ctnnpletion  of  the  firj-t  stage  of  a 
scheme  of  dtvck  de\-elopnient.  that 
was  adopted  by  tlie  Mersey  Docks 
and  Harbour  Board  eight  \ears 
ago.  and  for  which  Parliamentary 
Powtrs  were  sought  and  obtained 
so  long  ago  as  1906.  The  neces-' 
sity  for  this  devefopment  of  the 
existing  dock  acrommodation  at  Liver- 
pool is  due  to  the  continuous  growth 
in  the  size  of  Ocean  liners,  a  growth 
which  is  well-illustrated  by  the  follow- 
ing table,  showing  the  length  and 
tonnage  ul  tlie  more  important  boats 
built  for  the  Liverpool  and  New  York 
service  during  the  past  thirty  years. 


TABLE  1. 


Year. 
1881. 
|9S8. 

tn^i. 

1901. 
1903- 

1904. 
1906. 

lf|>7. 

Ii^iu. 
1913. 

1913- 
I9I3. 


Ship. 
'  Srrvirt  " 

■  N(  w  Varl.  " 
'  Ciiii)>i>iii''  " 

■  0<  taiiji-  " 
Celtic  " 

'Kai*er  Wilhrim ' 

•  Ccdric  " 

•  B.ilti.  •■ 

'  .\.lri.iti<  " 
'  I.iisit.ini.i  "  anil 
■'  Maurrlailia  " 

■  Olvinpic  ■' 

■  Imprralor" 

'  AauiunU  " 

•  Vaterland" 


Liii«-. 
Ctinard 

.Ainrrii'.ni 
Cuii.iril 
Willi.-  St.ir 
White  Si.ir 
'  North  ( KTiiiiiii 

Llovd 
While  Star 
Whilf  Star 
While  Star 

I  iiii.iril 
While  Star 
Haiiiburit 
Anirrican 

Ciiiiu'l 
Haii.lmij; 
Aiiifrii  an 


III 
feet. 
530 

621 

6S9 

706 
M9 

7»9 
709 

790 
883 

880 

•)Ot 


Toii- 


7.39' 
lO,7<j?* 

ir,J73 

3Oj904 
30.000 
a3,?«6 

4S.J-4 

30,000 
50,000 


—  30.000 


Compilrd  from  "  EnninrrrinK. 


It  is  curious  to  note  how  quickly  the 

largest  and  swiftest  boat  of  an\  one 
year  is  superseded  and  be( omcs  out-of- 
date.  The  Servia,  the  Campania,  the 
Oceanic,  the  Cdtic^  the  Kaiser  Wilheltn, 


and  the  AJriatic.  each  in  turn  within 
the  period  covered  by  this  table,  have 
been  the  crack  boat  of  the  Atlantic — 
and  although  the  I.usilania  and 
Maurdania  Ijave  retained  this  position 
for  a  longer  period  than  usual,  they 
lost  their  supremacy  as  regards  size 
in  T()io,  and  now  only  retain  their 
position  on  the  ground  of  their  speed. 
The  growth  in  length  and  speed  of  the 
Atlantic  lint  rs  since  iSSi  is,  however, 
overshadowed  by  the  enormous  increase 
in  their  tonnage  ;  the  12,500  tons  of  the 
Cam  panic  (which  was  considered  a  huge 
boat  when  she  was  built  in  ii>93)  being 
only  one-fourth  that  of  the  three  ships 
now  nearing  completion  for  the  Cunard 
and  Hamburg  ("omjianies.  In  view  of 
tlie  fact  that  boats  of  900  feet  in  length 
and  of  5(),<)<K)  tons  displacements  were 
already  })lanned  the  original  scheme 
of  the  Mersey  Docks  and  Harbour 
Board,  to  which  reference  has  been 

made  above,  ]>rnvided  for  the  constnic- 
tion  of  a  new  half-tide  dock,  and  of  two 
berthing  and  loading  docks  at  the 
north  enil  of  the  Dock  Estate,  at  a 
total  estimated  cost  of  £3,250,000  {see 
I'lg.  I ).  These  docks  were  to  be  named 
the  Gladstone  Docks  in  recognition  of 
the  great  services  rendered  to  the 
commerce  of  Liverpool  by  Sir  Robert 
(iladstone,  a  fonner  Chairman  of  the 
Mer^i  \  Dock-^  and  Harbour  Board, 
and  not  as  the  general  public  imagined 
as  a  tribute  to  the  great  politician  of 
the  same  name,  who  was  born  in  the 
City  of  Liverpool,  earlier  in  the  nine- 
teenth century. 

Owing  to  various  causes  upon  w  hich 
it  is  unnecessary  to  touch  here,  the 
development  of  this  original  scheme  of 
dock  extensions  was  delayed,  and  is 
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only  now  being  taken  in  hand.  In 

orclt-r.  however,  to  be  ready  for  the 
new  900  feet  boats  when  they  arrived 
In  the  Mersey,  the  directors  of  the 
Mersey  Docks  and  Harbour  Board 
decided  in  1910  to  add  to  the  oripnal 
scheme  by  constructing  a  combined 
loading  and  graving  dock  at  Seaforth, 
capable  of  receiving  and  dockint;  for 
repairs,  the  lar^jest  liners  yet  planned 
or  contemplated.  Fig.  2  shows  the 
plan  of  this  new  dtuk  in  relation  to  the 
existing  dock  estate  and  the  surround- 


been  made,  however,  early  in  19x0,  and 

the  eni^inecrs  of  the  Dock  Board'had 
proved  that  from  20  to  30  feet  below 
the  sand  there  existed  a  substratum  of 
red  sand-stone  rock,  which  would  serve 
as  a  sound  foundation  for  the  retaining 
walls  and  bottom  of  the  new  dock.  No 
excavation  work  was  possible,  however, 
until  the  area  of  foreshore  required 
for  the  dock  had  been  enclosed  and  the 
sea  had  been  excluded  from  the  scene 
of  engineering  operations.  In  Sejitem- 
ber,  1910,  therefore,  1,000  navvies  com- 


riC.  I.  PLAM  OP  OMOINAL  SCHIMB  OP  DOCK  F.XTFN'ilON   AT  UVCItrOOL. 


ing  property.  The  site  cli'^m  for  tlie 
new  dock  was  outside  the  enclosing  wall 
of  the  existing  dock  estate,  upon  a 
portion  of  the  sandy  fore-^hore  over 
which  the  Dock  Hoard  had  |nircha.sed 
all  rights  some  years  previousl\'.  A 
more  unpromising  looking  piece  of  land 
for  dock  construction  it  would  have 
been  dithcult  to  find,  as  the  tides 
covered  it  twice  every  twenty-four 
hours,  and  much  of  the  >hore  at  tip-- 
point  consisted  Jot  quicksands  and 
muddy  channels.    Trial  borings  had 


men<'ed  to  build  a  clay  embankment 
round  the  site,  the  clay  being  obtained 
from  the  excavations  for  the  other  two 

half-tide  docks,  within  the  t  xi-^ting 
dock  wall.  (See  Fig.  i.)  Ka^id  pro- 
gress was  made  with  this  preliminary 
work,  and  early  in  January,  191 1.  the 
gap  between  the  two  ends  of  the 
embankment  was  closed  on  an  ebb 
tide,  and  the  work  of  excavating  for 
the  dock  walls  was  commenced.  Fig. 
J  shows  the  general  appearance  of 
the  enclosed  area,  about  this  date,  while 
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Fig.  4  is  a  photograph  taken  at  a 
later  date  in  one  of  tlu'  trenches,  and 
shows  the  dimensions  and  style  of  the 
timbering  employed.  These  trenches 
were  30  feet  wide  and  over  50  deep, 
and  althout,'h  it  was  expected  that  some 
trouble  might  be  caused  by  the  percola- 
tion of  water  through  the  surface  sand, 
little  pumpinp  was  required,  and  the 
red  sandstone  was  met  with  under- 
neath the  boulder  clay,  at  depths 
var\inj^  from  30  to  45  feet  below  the 
surface.  The  work  of  filling  in  the 
foundations  for  the  retaining  walls 
was  then  commenced  at  the  eastern 
end  of  the  dock.  Some  idea  of  the 
magnitude  of  the  work  may  be  gathered 
from  the  fact  that  700  to  800  men  were 
t  mploy<^d  rei^ularly  at  this  periotl  of  the 
construction,  working  on  day  and  night 
shifts,  and  that  400  tons  of  cement  was 
being  employed  per  week,  for  the 


concrete  foundations  of  the  dock  walls. 

A  total  of  25.000  tons  of  cement  has 
been  used  for  the  whole  work,  upon 
which  between  800  to  i.ooo  men  have 
been  regularly  emplf)yed  since  Septem- 
ber, iqio.  The  work  of  dredging  out 
the  bed  of  the  Mersey  opposite  the 
entrance  of  the  dock  was  also  com- 
menced about  tliis  (late,  and  the  follow- 
ing figures  show  the  amount  of  material 
removed  from  the  river  and  entrance 
channel,  and  from  the  site  of  the  new- 
dock,  in  the  course  of  the  past  2^ 
years : — 

Gladstone  Dock  Excavations. 

Cubic  Yard*. 

Soft  soil  in  trenches  . .  120,018 
Rotk  in  trenches  ..  ,.  30,760 
Soft  soil  from  dock. .  ..  i()5,oSr 
Rock  from  dock    ..        ..  63,^20 


Total 


379.685 


FtC.  2. — rLAN  or  NKW  CLAD!>TONE  LOAUIKC  ANI>  CRAVINC  DOCK. 
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Entrance  Channel  Dredging 
Operations. 

Cubir  V'ards. 

Material  removed  by  Dock 
Board  Dredgers  from 
river  bed  and  entrance 
channel  .,        ..        ..  1,105,000 

The  removal  of  one  and  a  half  miUion 
cubic  yards  of  sand  and  rock  within  the 
period  named  would  have  been  impos- 
sible 25  years  ago — the  modern  steam 
excavators  and  dredgers  arc  the  powerful 
auxiliaries  that  have  rendered  such  a 
feat  possible. 

The  chief  engineering  features  of 
the  new  dock  arc  that  it  is  a  combined 
loading  and  graving  dock  ;  that  its 
entrance  is  to  be  closed  by  a  sliding 
caisson  and  not  by  dock-gates  ;  and  that 
ships  entering  .  the  dock  will  do  so 
directly  from  the  River  Mersey, 
through  a  boll-shap<'d  entrance  channel 
400  feet  wide  at  its  mouth,  narrowing 
down  to  120  feet  at  the  dock  (see  Fig.  2) 


»>C.   3. — SITE   OF   SEW   DOCK    «FTF.R  E  SC  L  OSU  N 1- .       r.nMEKAI.    VIKW    Of    THE    Ct.\\    \>tU    Mt'lUILE    K  )|  (I  .\  S  K  M  E  H  T 

1  AKEN   IS_  J  AN.,    1<}1  1 
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The  Mersey  bed  has  been  dredged 
to  give  a  mean  depth  of  27  feet  below 
the  old  dock  sill  in  this  entrance  chan 
nel,  the  sill  of  the  dock  itself  being 
two  feet  higher  ;  and  thus  with  a  20  foot 
tide  there  will  be  a  depth  of  47  feet  of 
water  in  the  channel,  and  of  45  feet 
on  the  dock  sill. 

The  dock  itself  is  1,020  feet  in  length, 
and  155  wide  on  the  waterline  and,  as 
already  stated,  a  special  feature  of  the 
construction  is  that  it  can  be  used  as  a 
graving  dock,  pumping  machinery  hav- 
ing been  providecl  for  emptying  the 
dock  in  a  few  hours,  when  hecissary, 
for  examination  or  repair  purp(»ses. 

This  feature  of  d«)ck  construction  is 
not  new  at  Liverpool,  the  old  Huskisson 
Dock  having  been  constructed  and  used 
in.  this  way  over  50  years  ago.  The 
combined  type  of  dock  had  not  proved 
very  popular,  however,  and  the  old 
Huskisson  Dock  was  the  only  one  of 
this  type  constructed  for  many  years. 
The  adoption  of  this  design  for  what 
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FIC.  4. — ONC  or  THE  TRI'NCIIKS  tOK  IIIC  DOCK  WALL. 


ric.  } — vitv/  or  dock  from  sivlr  ind  in  MARni.  tnix     the  caisson  ctiAHBFRs  is  iitti  on  tbk  nictir 
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undoubtedly  is  the  largest  graving 
dock  in  the  world,  and  the  only  one 
that  can  accommodate  the  huge  ocean 
liners  now  approaching  completion 
on  the  Clyde  and  in  Germany,  is, 
therefore,  a  sign  of  some  importance  in 
its  bearing  upon  the  dock  developments 
of  the  future. 

The  sliding  caisson  which  is  to  close 
the  dock  entrance  is  another  feature 
of  the  construction  of  special  interest 
to  engineers,  for  although  this  method 
of  closing  docks  has  been  used  exten- 
sively abroad,  and  by  the  British 
Admiralty,  it  has  not  been  employed 
at  all  generally  for  ordinary  commercial 
docks  in  this  country.  Dock  gates 
would,  however,  have  been  unmanage- 
able and  imsafe  for  closing  a  dock 
entrance  120  feet  wide,  or  for  holding 
up  7,000,000  cubic  feet  (200,000  tons 
of  water)  apart  altogether  from  the 
difficulty  of  providing  the  necessary 
space  for  them  in  the  funnel-shaped 
entrance  channel.    The  caisson  form  of 


lie.  6. — VIEW  or  tme'caissos  ts  course  of'trkc- 

TlOy.  THE  CAISSny  UKtSVMEii  lU  fT.  IS  LLNCrit 
X  50  ET.    DEPTH  X    i5  WlllTH  Jl.N  D  WEir,ll«  1,200  TONi . 


ft 
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closini^'  was  therefore  the  only  one 
prarticable  under  the  rirrumstances. 
l  ig.  s  is  a  view  of  the  dock  taken 
from  the  clay  emb<mknient,  on  the  river 
side,  in  March  of  the  presi-nt  year,  and 
shows  the  caisson  recesses  at  each  side 
of  the  entrance.  The  caisson  chamber 
is  on  the  right  hand  side  of  the  dork  in 
this  i'ig.,  and  is  a  iarf^e  cliamber 
measurini:;  1 50  by  60  by  30  feet,  faced 
with  stone.  The  caisson  itself  is 
constructed  of  steel  girders  and  plates 


power  is  transmitted  to  the  caisson 

by  wire  rabies,  working  in  sheaves 
attached  to  the  opj>ositi'  wall  of  the 
dock  entrance.  The  caisson  has  been 
bviilt  by  the  Motherwell  Bridge  Co., 
uf  Glasgow,  and  the  iron  work  was 
first  prepared  at  their  Works  and  after 
erection  there  transhijiped  to  IJverpcM)!, 
The  caisson  is  divided  into  three  com- 
partments by  transverse  plating,  the 
middle  compartment  being  the  air- 
chamber  which  gives  it  the  required 


!  I 


i  I 


no.  a.— CROS*  MtoOMAL  BLKVATlOJt  OF  rVMP  IIOOM  SNOWIItO  WOKIMtMfitOM  fVUf  DMVKK  BY  THC 

DtCSBL  CNCINC. 


on  the  plan  of  a  pontoon,  its  dimensions 
being  120  feet  by  50  feet  in  height  by 
25  fei't  in  width  ;  its  weight  is  1200  tons, 
big.  0  is  a  view  taken  uf  the  caisson 
chamber  when  tlie  caisson  was  half 
C  mpleted.  Sincr  it  i>  almost  balanced 
in  the  water  hv  the  eiKinsed  air,  the 
'power  recpiired  to  ino\e  it  in  and  out  of 
the  caisson-chaml>er  on  the  right  hand 
si<le  of  the  dock,  will  be  chieHv  employed 
in  overcoming  the  resislanceof  the  water. 
Two  150  h.p.  electrically-driven  motors 
arc  provide!  for  this  purpose,  and  the 


buoyancy.  It  is  also  provided  with 
groenheart  timber  runners,  which  slide 

on  polislu'd  granite  fftot^^teps  in  the  dock 
sill.  These  will  be  lubricated  witli  oil 
supplied  under  pressure  by  a  small 
pump  when  the  cai>Min      in  motion. 

The  pumping  plant  wlm  li  i>  to  be 
utilized  for  emptying  the  dock  when 
it  is  required  for  ship  repairing  pur 
|M)^e>^,  iv  contained  in  a  large  chamber 
located  ne.M  to  the  caisson  cliamber,  on 
the  south  side  of  the  entrance  channel 
of  the  dock. 
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Since  it  will  be  necessary  to  empty 
the  dock  entirely  in  2i  hours  the 
pumping  plant  is  of  consitlcrable  size 
and  capacity,  and  comprises  5  units  of 
1,000  h.p.  each.  The  pumps  are  of  the 
centrifu{,'al  type,  and  have  been  con- 
structed by  the  Worthington  Pump  Co., 
they  are  provided  with  discharge  pipes 
54  in.  in  diameter.  Fig.  7  is  a  photo- 
graph of  one  of  these  pumps  under 
construction,  taken  at  the  maker's 
works.  Each  pump  is  to  be  direct 
driven  by  a  vertical  four-cylinder  two- 
cycle  Diesel  oil  engine,  running  under 
normal  conditions  at  180  rev.  per 
minute.  (Fig.  S.)  The  engines  are 
being  built  by  Messrs.  Carels  Freres.  of 
Ghent,  and  are  the  <mly  portion  of  the 
dock  plant  which  is  of  foreign  make. 
Whether  it  was  wise  for  the  engineers 
of  the  Mersey  Docks  and  Harbour 
Bf)ard  to  adopt  oil-engines  for  this 
large  and  important  pumping  plant, 
when  electric  power  was  available,  time 
alone  will  reveal. 

On  the  north  side  of  the  dock,  a 
single-storey  shed  900  feet  long  and  loo 
feet  wide  has  been  erected,  and  four 


30  cwt.  cranes,  of  the  moveable  type, 
have  also  been  provided.  On  the  south 
side  of  the  dock  two  similar  cranes,  one 
of  40  tons  and  one  of  5  tons  load 
capacity,  will  be  installed.  Fig.  gj  is 
a  photograph  of  the  dock  taken  after  the 
water  had  been  admitted  early  in  June. 

The  total  cost  of  the  dock  has  been 
slightly  under  the  estimate  of  /^oo.ooo, 
and  the  works  have  been  carried  out 
entirely  under  the  direction  of  the  Dock 
Board  officials,  who  are  to  be  congratu- 
lated on  the  success  of  their  efforts  to 
have  the  dock  finished  by  the  date 
originally  planned. 

In  closing  this  article,  some  details 
may  be  given  of  the  larger  scheme  of 
dock  construction  at  Liverjiool,  which 
is  now  being  taken  in  hand,  at  an 
estimated  cost  of  over  £3,000.000, 
The  plans  for  this  scheme  are  shown  in 
F'ig.  I,  and  include  the  construction  of 
a  half-tide  dock  of  an  area  of  14 J 
acres,  with  an  entrance  from  the  river 
by  a  lock  .S70  feet  in  length  by  130  feit 
wide,  and  the  construction  of  two 
branch  docks  each  400  feet  wide, 
with  lengths  of  quay  accommodation, 
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varying  from  1.270  feet  up  to  1,570 

ffi't.  Tho  arra  rf)vered  by  these 
branch  docks  will  be  13  acres  and  12 1 
acres  respectively,  thus  giving  a  water 
area  of  40  acres  for  the  whole  schenio. 
Double  storey  sheds  will  be  erected 
round  these  two  docks,  which  when 
oompltted  will  be  able  to  berth  four 
of  the  larf^t  st  liners  yet  constructed, 
at  one  and  the  same  time.  I  he  Dock 
Board  at  Liverpool  is,  therefore, 
providint,^  ample  facilities  for  herthini^ 
and  docking  the  50,000  ton  btjais  of  the 
present  shipbuilding  era. 

Shonkl  the  })ro|L;ress  in  shij)buil(lin'^ 
construction  that  has  characterised  the 
last  quarter  of  a  century  bf  continued 
throuf^h  the  next  25  yi  ars,  the  problem 
of  berthing  and  docking  facilities, 
however,  will  again  become  urgent,  and 
once  again  those  who  control  the  H  n 
bours  and  Docks  of  our  great  port>  will 
have  to  deepen  their  river-beds  and 
quays,  and  increase'  the  size  and  area 
of  their  docks,  in  order  to  provide  the 
necessary  berthing  and  loading  accom- 
modation for  the  still  more  gigantic 
liners  of  the  vear  Mio 

In  the  writers  opinion,  however, 
the  increase  in  size  and  tonnage  revealed 


by  Table  I.  is  not  likely  to  continue 
unchecked  for  another  di « ade.  It 
will  soon  be  found  that  the  increased 
dock   accommodation    entails  large 

capita!  outlay,  the  interest  upon  which 
will  have  to  be  met  by  increased  dock 
and  harbour  dues ;  and  steamship 
owners  will  gradually  realise,  if  they 
have  not  alread\-  made  tlie  tliscovery, 
that  except  as  ailverlising  media,  these 
leviathan  ships  cannot  earn  a  fair  return 
upon  the  capital  invested  in  them. 

The  moderately-sized  passenger  and 
cargo  boat  and  the  tramp-steamer, 
that  can  po  anywhere  and  dock  in  any 
port,  will  still  provide  the  larger  share 
of  the  profits  of  our  ocean-carrying 
trade  ;  and  tlie  shijibuilding  proiL;re>^ 
of  the  next  (juarter  of  a  century  will 
probably  be  directed  to  the  develop- 
nieiit  of  tlu-  >peed  and  efficiency  of 
i\i\>  (  lass  of  boat,  rather  than  to  the 
tle-^iun  and  construction  of  more  50,000 
tonner-. 

Our  thanks  are  due  to  the  courteous 
otlicials  ot  the  Liverpool  Docks  and 
Harbour  Board  for  many  of  the  facts 
and  fiKure>  i;i\en  iti  tliis  article,  and 
also  for  the  loan  of  two  of  the  photo- 
graphs which  illustrate  it. 
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TECHNICAL  EDUCATION 

♦•TO  PARENTS  AND  GUARDIANS" 
By  ▼.  D.  WaaAna^ 


IT  may  fairly  be   presumed  that 
the  reader  is,  or   lias   been,  or 
will   some   day    be,   very  inti- 
mately concerned  with  the  in-oblem  I 

propose  to  discuss — the  problem  of  tlic 
mental  outfit  of  the  boy  who  is  ap- 
proaching the  end  of  his  school  career  ; 
whose  future  is  to  be  made  or  marred 
by  the  decision  which  has  to  be  faced 
witliin  the  next  few  months  -What 
shall  we  do  with  our  boy  ? 

T!io  "  other  professions  in  wliich  men 
engage,  the  Army,  the  Navy,  the 
Church  or  the  Stage,"  we  may  put  aside 
at  once — OUT  boy  is  to  become  an 
engineer.  Tliat  has  been  decided  years 
ago.  His  marked  aptitude  for  mechan- 
ical pursuits  has  long  since  convinced 
his  parents  that  there  is  nothing  else 
for  it.  and  the  only  question  is  how  he 
shall  best  be  ])repared  for  entering  upon 
his  destined  path  in  life. 

Shall  his  final  yeai'  at  school  be  so 
directed  as  to  nuniliarise  him  with 
mechanical  drawing  and  the  practice 
of  mechanical  engineering  construc- 
ti(m  ?  The  means  of  dmng  this  are 
now  to  be  found  in  aU  public  schools, 
and  in  most  ])rivate  educational  estab- 
lishments of  any  standing. 

At  first  sight  this  would  seem  to  be 
a  foregone  conclusion  in  the  affirmative. 
The  well-ordered  luborat(jncs  and 
workshops  in  which  so  many  hours  per 
day  or  per  week  are  to  be  spent  ;  the 
impressive  array  of  instruments  and 
appliances,  the  beautifully  kept 
machine  tools,  the  rows  of  benches 
where  "  all  is  right  and  nothing  wTong  " 
— all  these  offer  convincing  testimony 
to  the  advantages  of  the  "  engineering 
course."  "  Certainly  !  certainly  !  " 
says  the  inspecting  parent — "  as  much 


time  as  possible  here,  please  " — to  the 
huge  delight  of  the  pupil,  who  has  for 
years  longed  for  such  a  cliance  of 
exercising  his  constructive  abilities. 

But  is  it  the  best  thing  for  the  boy  ? 

I  am  going  to  advance  the  para- 
doxical assertion  that  it  is  an  excellent 
thing  for  the  boy,  who  is  noi  ^oing  to 
adopt  engineering  as  a  profession,  that 
he  should  spend  a  certain  part  of  his 
time  before  leaving  school  in  acquiring 
a  working  knowledge  of  the  tools  and 
machines  employed  in  mechanical 
engineering,  and  of  the  processes  of  the 
forge  and  the  foundry.  In  after  life, 
wherever  his  lot  may  be  cast,  he  need 
never  be  a  helpless  looker-on,  while 
some  other  man  with  not  half  his 
ability,  takes  the  lead  in  cases  of  acci' 
dent  or  emergency. 

But  in  our  case  tho'e  are  other  con- 
siderations which  in  my  view  indicate 
a  different  trend  in  the  curriculum  of 
the  final  year  at  school .  Of  engineering 
education,  pure  and  siinplr,  tie  will 
have  enough  and  to  spare  in  succeed- 
ing years,  and  it  is  a  sheer  waste  of 
vwuable  time  to  anticipate  this  by  any 
preparatory  course  at  school. 

Those  in  authority  in  the  electrical 
or  engineering  works  presently  to 
receive  the  hoy  whose  future  we  propose 
to  follow,  are  rather  apt  to  regard 
with  polite  indifference  the  fruits  of  the 
"  workshoj)  course  "  in  which  he  has 
achieved  some  measure  of  distinction, 
and  the  boy  himself,  when  set  to  work, 
vie\vs  with  pained  surprise,  the  limited 
scojx'  alhtttfd  to  his  energies.  It 
apjiears  an  absurd  and  sinful  waste 
that  he,  who  has  taken  the  principal 
part  (say)  in  the  construction  of  a 
small  steam  engine,  should  be  expected 
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to  confine  himself  strictly   to  the 

elementary  operations  of  nut-facinj^'  or 
bolt-turning.  In  short,  he  has  to 
begin  at  the  beginning  in  any  case,  and 
it  is  not  long  before  he  discovers  the 
essential  difference  Ix  tween  school  and 
apprenticeship  or  pupilage,  which  is, 
that  in  the  one  case  he  is  taught,  and 
in  the  other  he  is  given  the  opportunity 
of  learning  for  himself. 

Better  far,  surely,  to  make  the 
utmost  use  of  the  precious  final  year 
at  school  in  the  rounding  off  and  com- 
pletion of  a  hbcral  education.  We 
nave  to  bear  in  mind  that  what  we  hope 
to  make  of  our  boy  is  ultimately  an 
organiser — an  admmistrator,  not  a 
workman — and  the  foundations  of 
success  in  this  capacity  are  laid  to  a 
very  large  extent  during  the  last  few 
terms  at  school.  A  boy  who  acquits 
himself  well  in  the  comparatively 
res}>onsible  positions  he  is  called  upon, 
or  e  he  ted.  to  occupy  (whether  in  the 
school  work  or  at  sports  or  games)  is 
qualifying  himself  for  more  serious 
vrork  later  on.  Sir  Andrew  Noble,  the 
chairman  of  tlie  great  firm  of  Arm- 
strong Whitworth,  employing  30,000 
hands,  said  some  time  ago  :  *'  Speaking 
as  an  employer  of  labour.  I  ^oula 
say  that  a  jilra-^ant  speech  and  manner, 
tact  in  deahug  with  otiiers,  and  some 
power  of  organisation  are  of  the 
utmost  value  ;  and  it  is  3irecisely  those 
qualities  that  a  boy  acquires,  or  ought 
to  acquire,  in  his  later  years  at  a  public 
school.  A  stricter  discipline,  a  wiser 
supttrvision,  more  authoritative  yet 
sympathetic  advice  as  to  conduct,  are 
more  pjssiblc  at  school  tlian  can  ever 
be  the  case  in  after  life  ;  and  a  more 
constant  and  generous  association 
with  his  equals  rubs  off  angularities 
and  leads  to  amenity  of  disjwsition. 
Without  such  qualities  even  the  highest 
scientific  attainments  will  never  make 

a  ca]"itain  of  indtisti  N'.  and  in  '-electing 
candidates  for  aj^pointnicnts  the  man 
of  business  distinctly  prefers  a  youth 
who  has  the  benefit  of  some  years  at  a 
good  school.  ...  I  am  not  in 
accord  with  those  who  think  that 
mtxlern  languages  should  su])ersede 
the  classics  as  a  means  of  education," 
This  last  sentence  records  the  deliberate 
convicttMi  of  a  man  whose  position 


and  attainments  entitled  him  to  speak 
wnth  authority:  and  1  quote  them  here, 
though  not  quite  relevant  to  our  present 
argument,  as  a  useful  hint  upon  a  much- 
discussed  qu<stion  just  now.  Sir 
Andrew  docs  not,  of  course,  underrate 
the  importance  of  a  knowledge  of  mod- 
ern languages,  but  he.  very  rightly, holds 
that  a  classical  education  impresses 
upon  its  recipient  a  certain  stamp,  or 
hall  mark,  of  no  secondary  value,  m  his 
intercourse  with  the  world. 

Tlierefore.  in  any  discussion  as  to  the 
age  at  which  a  boy  should  leave  school, 
the  great  incidental  advantage^  that  he 
gains  from  a  reasonable  prolongation  of 
his  school  dzys  should  not  be  lost  sight 
of.  Somewln-re  Ix-twein  the  ages  of 
seventeen  and  eighteen  he  should  show 
unmistakeable  indications  that  he  is  tit 
for  making  his  start  upon  his  chosen 
career. 

There  are,  of  course,  e.\cej>tional 
cases  where,  for  two  opposite  reasons, 
it  may  be  desirable  to  withdraw  a 
boy  at  an  earlier  age.  It  may  be  that 
he  IS  "  doing  no  good  at  school,"  in 
which  ca>r,  if  it  be  that  he  do<-s  not 
"  get  on  "  with  his  masters,  or  with  his 
fellows,  the  sooner  he  leaves  and  adopts 
some  ])rofession— other  than* engineer- 
ing tile  better.  Or  he  may  be  a 
bright  and  clever  lad  whose  one  idea  is 
to  get  to  work,  and  to  whom  the 
pros]>ect  of  another  year  or  two  of 
school  is  positively  distasteful.  It  is 
impossible  to  prescribe  for  individual 
cases,  but  the  voice  of  Nature  cannot 
be  ignored,  and  it  becomes  the  duty 
of  the  person  responsible  for  the 
boy's  welfare  to  give  every  consideration 
to  hi^  d<'sire  after  making  him  ac- 
quauited  witli  the  arguments  for  and 
against  such  a  course. 

Now  comes  tlie  all-important  ques- 
tion. To  whose  care  shall  our  bov'  he 
entrusted  ?  A  much  more  difficult 
problem  this,  than  the  clu)ice  of  a 
school  ;  though  it  is  a  fact  that  at  this 
turning  point  in  the  boy's  life  his 
future  career  is  very  often  determined 
by  the  most  accidental  circumstance. 
The  large  engineering  and  electrical 
firms,  or  companies,  do  not  advertise 
or  make  known  that  they  are  prepared 
to  take  pupils  ;  and  the  parent,  having 
nothing  to  do  with  engineoing  himself, 
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and  being  saddled  with  a  son  whose 
one  idea  of  a  profession  lies  in  that 
direction,  is  at  a  loss  where  to  turn 
imtU  he  hears  that  someone  he  knows 

has  a  friend  who  is  connected  with  a 
firm  of  engmeers.  To  tliis  tirm,  there- 
fore, he  goes,  with  an  introductory 
letter,  and  the  matter  is  settled  in  no 
time.  (The  same  man,  if  he  had  a  few 
hundreds  to  invest,  would  make  the 
most  careful  inquiries  as  to  the  position 
and  prospects  of  the  concern  before 
venturing  liis  money  in  it.) 

Again,  some  particular  firm  or 
company  may  be  indicated,  through 
influence,  as  the  one  place  for  the  boy 
to  go  to— as.  ymheee  the  parent  is 
"  interested  "  in  the  concern.  This  is 
another  case  where  the  arguments  in 
its  favour  app^^ar  unassailable.  Take 
the  extreme  example  where  the  boy's 
natural  guardian  is  himself  a  principal 
or  partner  in  the  hrm  in  question. 
It  is  at  least  open  to  question  whether 
it  is  to  the  boy's  own  real  interest 
that  he  should  be  "  put  through  the 
works,"  it  being  practically  certain 
that  whatever  Ins  cMiiduct  or  ability 
may  be.  he  will  ultimately  be  found  a 
place  in  its  direction :  whilst  it  is 
nothing  less  than  a  certainty  that  the 
firm  would  be  a  gainer  I)v  his  accession 
a  few  years  later  bringing  with  him 
fresh  experiences  acquired  under  differ- 
ent conditions. 

The  ideal  training  for  a  boy  who  is 
intended  for  the  profession  of 
mechanical  or  electrical  engineering  — 
and  I  cannot  too  strongly  urge  the 
combination  of  these  two  branches — 
would  be  such  a  combination  of  theor- 
etical and  practical  experience  as 
would  be  afforded  by  the  union,  if  sucii 
a  thing  were  possiole,  of  a  technical 
university  witli  an  engineering  manu- 
factory. And  in  this  imuossiblc  in- 
stitution the  learner  would  have  his 
theoretical  and  his  practical  training  in 
alternate  spells. 

He  would  not  be  "  making  things  " 
in  a  workshop  without  some  knowledge 
of  their  use  and  fitness  ;  nor  would  he 
be  attending  lectures,  and  acquiring 
facility  in  the  mathematics  of  electrical 
and  mechanical  engineering,  lacking 
meanwhile  that  intimate  acquaintance 
with  structure  and  form  in  the  con- 


crete, and  with  the  current  methods  of 

manufacture,  which  can  only  be 
acquired  by  taking  part  in  the  actual 
processes  of  the  workshop,  the  forge 
and  the  foundry. 

Failing  this  ideal  programme  what 
are  the  alternatives*  llie  good  old 
system  of  apprenticeship,  the  natural 
means  of  passing  along  from  one  genera- 
tion to  another  what  may  be  described  as 
craftsmanship,  is  out  of  the  question 
in  our  case.    In  the  first  ])lace  it  is 
incompatible  with  the  prolonged  period 
of  school  education,  which  we  are 
agreed  is  a  necessary  equij  ment  for  the 
boy  who  is  being  tramed  to  take  an 
over's  part  in  the  great  industrial 
army.   Either  by  i)urchase  or  by  favour 
our  boy  has  to  be  shown  as  i  t  were  behind 
the  scenes.    He  has  to  be  given  the 
opportunity  of  learning  the  whole 
intricate  working  of  a  modern  manu- 
factory, and  the  co-ordination  of  its 
numerous  separate  departments  involv- 
ing manv  diffrrmit  trader.    W'lien  this 
aspect  of  the  question  is  once  grasped, 
one  ceases  to  wonder  at  the  heavy 
premiums  asked  by  great  and  pros- 
perous firms  as  the  price  of  entry  to 
their  works  and  offices.   Speaking  from 
actual  experience  I  should  be  in<  hm  d 
to  say  that   a  decent  well-behaved 
boy,  the  son  of  a  workman,  appren- 
ticed without  a  premium  and  taught  a 
single  trade,  is  a  better  bargain  on 
the  whole  for  his  emjjloyers  than  the 
average  pupil  paying  two  or  three 
hundred  povinds  for  his  initiation.  There 
are,  of  course,  brilliant  exceptions,  but 
on  the  other  hand  there  are  probably 
as  many  cases  where  boys,  starting 
under  the   mo^t  unfavourable  condi- 
tions, but  having  the  right  s-luff  in  them, 
have  by  sheer  merit  forced  their  way 
to  the  top.  and  made  themselves  a 
power  in  the  works,  picking  up  their 
theoretical  knowledge  at  a  technical 
school  or  by  j)rivate  study. 

Take  another  alternative.  You  may 
enter  your  son  at  one  of  the  Universities 
having  a  Faculty  of  Engineering — the 
cost  is  much  about  the  same — where 
he  will  have  the  privilege  of  attend- 
ing lectures  upon  every  engineering  and 
electrical  subject,  by  men  whose  names 
are  almost  household  words  in  engi- 
neering circle^.   In  admirably  equipped 
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w oik>lioj)S  he  will,  at  stated  hours, 
take  ills  turn  at  lathe  ur  machine  tuul, 
alternating  this  by  experiences  in  the 
use  of  liammer,  chisel  and  file.  In 
some  cases  there  is  also  practice  in 
pattern-making,  moulding  and  smith- 
ing. In  each  of  these  dej)artinents 
there  is  an  expert  instructor,  to  whom 
all  can  a|>plv  for  advice  t>r  help.  It 
would  sevm  that  this  course  embodies 
every  pos'-ibK-  aclvantasiie.  The  scien- 
tific teachmg  is  undoubtedly  of  the  best, 
and  it  is  the  sttident's  own  fault,  if  by 
inattention,  or  non-attendance,  at  the 
lectures  he  fails  to  assimilate  the 
mental  pabulum  poured  ibfth.  So  in 
the  workshops  ;  there  is  no  compulsion, 
though  there  isevery  encouragenient  to 
take  a  ^jiece  of  work  in  hand,  and  ulti- 
mately to  complete  it.  There  is  a 
sense  of  s]>aciousness  in  the  buildings, 
and  an  air  of  learned  leisure  about  the 
occupants,  which  is  very  comforting  to 
the  aspirant  for  academical  honoUfS 
in  the  Faculty  of  Engineering. 

Again  we  have  to  ask  ourselves — ^Is 
this  the  best  thing  for  the  boy  ? 

To  enable  us  to  form  an  opinion  upon 
this  point  let  us  examine  briefly  the 
alternative  system  which  we  may  di^ 
tinguish  as  the  wctrks  training.  In 
comparing  this  with  the  University 
training,  the  first  and  fundamentu 
difference  which  strikes  us  is  in  the 
purpose  for  which  the  two  institutions 
were  built  and  equipped — the  one  for 
the  formation  from  the  appropriate 
material  of  engineers  and  electricians  ; 
the  other,  in  jirecisely  the  same  manner, 
for  tlir  It  put  of  finished  machinery 
from  nu  tak  or  materials  in  their  crude 
form.  The  pre.sence  of  j>uj)ils  would 
have  but  little  effect  upon  this 
output.  There  is  a  relentless  driving 
force  in  operation — the  pressure,  in 
fact,  resulting  from  commercial  compe- 
tition which  requires  that  the  place 
shall  be  effectively  manned,  and  that 
every  tool  and  machine  shall  work  up 
to  its  maximum,  as  nearly  as  may  be. 

To  the  unaccustomed  spectator  (the 
boy's  parent  for  example,  being  per.son- 
ally  conducted  through  "  our  works  " 
by  the  latest  recruit)  the  aspect  of  a 
great  machine  shoj)  is  almost  bewilder- 
ing. The  familiar  phrase,  a  **  hive  of 
industry  "  instantly  offers  itself  as  the 


only  adequate  descrijjtion  of  the  busy 
scene  before  him.    As  far  as  the  eye  can 
reach  the  whole  ground  space  appears 
to   be   crowded    with    machinery  in 
motion,  driven  from  above  by  a  maze 
of  flying  belts.    There  is  a  curious 
deadened  roar,  the  summation  of  ten 
thousand  separate  noises,  the  ground 
apix'ars  to  vibrate  beneath  his  fei-t,  the 
very  building  seems  to  be  alive,  and  the 
air  to  be  charged  with  eleifiicitv.  This 
is  the  general  effect,  but  it  wears  off 
immediately,  as  the  ^ye  becomes  accus- 
tomed to  the  sct-ne.  and  able  to  grasp 
the  details.   Individual  workers,  and 
the  machines  they  handle  or  control 
on  closer  examination  air  >crn  to  be 
working  without   haste   and  without 
delay.    The  peeling  off  of  iron  and 
steel  shavings  by  revolving  or  recipro- 
cating machine  tools,  which  is  the  staple 
industry  in  this  building,  is  apparently 
done  quite  gently  and  with  no  dis- 
])lay  of  force  ;   but  cwry  man  and 
every  tool  is  dead  set  upon  the  one 
particular  operation  assigned  to  him 
or  to  it.    It  is  a  triumi>h  of  organisation, 
an  example  of  law  and  order.    And  so 
throughout  the  many  dei)artments  of  an 
enginening  factory,  the  apparent  con- 
fusion resolve-;  it -elf  into  its  units,  after 
the  first  glance,  and  it  will  be  seen  that  a 
Steady  stream  of  ])roducts  is  flowing 
towards  the  assembling;  erecting 
shops.    It  is  in  the  exj)ectation  that  our 
boy  (who  has  hardly  yet  got  over  his 
wonder  at  finding  himself  actually  en- 
rolled) will  one  day  be  in  a  position  to 
control  the  traffic  in  a  place  like  this, 
that  he  is  being  put  to  work  here. 
It  will  be  seen,  I  ttiink.  that  the  prac- 
tical course  in  the  workshops  attached 
to  any  teaching  institution  is  not  at 
all  the  same  thing.    If  n<nv  we  could 
ensure  that  while  the  boy  is  learning  to 
use  his  hands  and  his  brains,  and 
reasoning  out  for  himst  If  the  ways  and 
methods  of  thought  current  in  a  great 
manufacturing  establishment,  he  could 
at  the  same  time  be  thoroughly  in- 
structed in  the  theory  and  science  of 
his  adopted  profession  we  should  have, 
it  would  seem,  the  ideal  engineering 
course. 

But  a  University  having  under  its 
control  a  real  manufacturing  concern  is 
inconceivable ;  neither  can  the  heads 
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of  a  business  such  as  we  have  in  mind 

own  and  direct  a  teaching  institution  (m 
anything  like  the  generous  hnes  pro- 
vided in  modem  Universities. 

There  is,  however,  an  institution 
which  has  been  in  operation  for  many 
years  past,  in  which  the  prubleni  of  this 
Hual  training  has  been  effectively 
SI  lived.  I  reft-r  to  the  Training  Colloge 
fur  electrical  and  mechanical  engineers 
known  as  Faraday  House,  in  South- 
ani])ton  Row.  This  institution  works 
in  conjunction  with  over  seventy  well 
known  engineering  companies,  power 
stations  and  electrical  railways,  who 
pass  its  pu]iils  through  a  course  of  real 
practical  experience  in  their  factories 
and  ])ower  houses. 

Before  proceeding  further  there  are 
two  observations  i  should  like  to  make  : 

First :  That  the  education  of  no 
present  day  mechanical  eiigiiictr  is 
complete,  unless  he  is  also  versed  in 
electrical  engineering.  Though  he  may 
have  no  thouglit  of  pursuing  ;in  electri- 
cal career,  yet  a  comi)etent  knowledge 
of  the  production  and  distribution  of 
electric  power  is  almost  certain  to  be 
required  of  him. 

Second  :  that,  as  in  these  days  we 
cannot  be  too  careful  in  such  matters, 
Imay  say  that  I  am  in  no  way  intcrc-^tecl 
in  Faraday  House,  except  as  an  inde- 
pendent observer,  though  I  have  had 
a  good  maiiv  of  ilifir  juipils  through 
my  hands.  Havnig  made  it  clear  that  I 
have  nothing  to  gain  by  advocating  the 
Faraday  House  nu  tliods,  we  may 
resume  by  quoting  from  theirprospectiis. 

The  full  course  of  training  takes  four 
years,  occupied  as  follows : — 

First  Year. — Complete  coiu-^c  of  lec- 
tures in  the  principles  of  mechanical 
and  electrical  engineering,  and  the 
application  of  the  theoretical  know- 
ledge so  gained  by  practical  tests  in  the 
workshops  and  laboratories  at  Faraday 
House ;  also  drawing  office  practice. 

Second  Year. — Is  passed  in  gaining 
practical  experience  in  engine  building 
and  testing,  with  one  of  the  works  asso- 
ciated with  the  Institution. 

Third  Year. — The  student  returns  to 
Faraday  House  for  revision  work, 
lectures  in  sjiecial  branches  of  elec- 
trical engineering,  advanced  theory  and 


technical  calculations,  and  dynamo 

design. 

Fourth  Year. — Is  devoted  to  prac- 
tical electrical  work  in  the  factories  or 
electricity  works  of  the  associated 

companies. 

The  founders  of  this  institution 
recognise  that  it  is  not  pos.sible  in  the 
workshop  of  a  training  institution  to 
give  a  student  the  practical  acquaint- 
ance with  workshop  methods  that  can 
only  be  obtained  in  works  actually 
manufacturing  for  sale :  all  that  can  be 
imparted  is  instniction  in  the  uses  of 
tools  and  machinery.  Methods  of 
management,  working  to  time,  and  to 
price  the  discipline,  so  to  speak,  of 
competitive  manufacturing  can  only  be 
obtained  on  the  spot ;  thus  supplement- 
ing the  training  given  in  the  workshojis 
of  Faraday  House  by  experience  in 
manufacturing  under  the  restrictions 
imposed  by  commercial  competition. 
The  works  associated  with  the  In^-titu- 
tion  are  situated  in  each  of  the  prin- 
cipal engineering  centres,  and  elsewhere 
and  cover  everv  branch  of  engineering, 
the  students  are  kept  in  touch  with  the 
parent  institution  by  regular  reports 
checked  by  the  manager  of  the  works  ; 
and  by  frequent  visits  from  a  member 
of  the  Faraday  House  staff  to  the 
affiliated  works,  who  sees  the  puj^ils 
under  working  conditions.  By  this 
means  each  pupil  is  kept  in  touch,  and 
is  encouraged  to  do  his  best  with  the 
exceptional  opporttmities  he  thus 
obtains. 

Where  a  ]Mi])iI  may  not  show  a  proper 
regard  for  time-keeping  and  ap])lica- 
tion  to  work  (and  the  times  for  starting 
and  leaving  work  are  those  current  in 
the  works)  it  is  speedily  learnt  by  the 
authorities,  and  the  position  is  nt  nnre 
explained  to  the  parent  or  guardian. 

Examinations  for  Entrance  Scholar- 
shi])s  are  held  once  a  year  in  April,  and 
the  Institution  is  able  to  offer  aupoint- 
ments  to  all  students  who  can  be  con- 
scientiously recommended,  and  to 
assist  them  to  better  positions  as  time 
goes  on.  A  long  list  of  appoint nients 
now  held  former  pupils  is  given  in  the 
prospectus,  also  a  list  of  the  affiliated 
mechanical  and  electrical  engineering 
fifmstelectrical  railways,  dectric  Ughting 
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and  power  companies,  and  municipal 

electricity  works. 

The  course  was  originally  a  two-year 
one.  twdve  months  at  the  CoUege,  and 
twelve  montiis  at  affiliated  tloctrical 
works ;  it  was  very  soon  increased  to 
three  years  by  the  insertion  of  twelve 
months  at  mechanical  engineering  work 
between  the  other  two,  and  has  now 
been  extended  to  four  yiars  (at  the 
same  fees)  in  order  to  arrange  for  the 
return  of  the  pupils  to  the  Instittition 
for  advanced  technological  instruction 
before  taking  their  final  course  of 
practical  work. 

We  may  now  take  our  leave  of 
Faraday  House,  which  it  will  be  seen 
carries  out  in  practice  the  *'  sandwich  " 
system  of  technical  training  geno'ally 
regarded  as  the  ideal  method. 

Not  every  parent  desirous  of  initiating 
his  son's  career,  is.  however,  in  a 
ptisition  to  put  down  the  fees  and 
provide  at  the  same  time  for  the 
boy's  maintenance  in  London  or  else- 
where. With  the  assistance  of  the 
Technical  Schools,  which  are  now  to 
be  found  even  in  moderate  sized  towns 
it  is  possible  for  a  boy  who  intends  to 
get  on.  to  get  liis  practical  training 
during  the  day,  and  his  science  and 
theory  in  the  evenings,  but  it  cannot  be 
too  thorouglily  impressed  upon  such 
that  the  one  is  of  no  real  use,  if  the 
boy  is  to  be  anj'thing  else  than  a 
workman,  without  the  other.  This  is 
entirely  recognised  both  by  the  works 
authorities  and  by  the  technical 
schools,  which,  of  course,  exist  for  this 
very  purpose,  and  indeed  attendance 
at  the  course  of  technical  instmction  is 
in  many  cases  made  a  condition  of 
apprenticeship  or  jiupilage.  I  may  say 
in  conclusion  that  nothing  is  more 
calculated  to  bring  out  the  pluck  and 
perseverance  in  a  boy,  who  starts  with 
the  intention  of  making  his  own  way  in 
life,  than  the  real  bard  work  which  is 
entailed  by  the  effectual  fulhlmentof 
Ms  obligations  to  both  courses  of 
instruction,  when  carrictl  on  simul- 
taneously. To  counterbalance  the 
hours  spent  in  developing  his  mental 
resources,  an  equally  strenuous  applica- 
tion to  o]>en-air  sports  and  games  is 
necessary  even  in  the  interests  of 
health,  for  which  there  is  ample  oppor- 


tunity all  the  year  round,  more 
especially  during  the  summer  months. 

I  do  not  like  to  dose  this  article, 
which  has  already  extended  far  beyond 

its  intended  limits,  without  a  brief 
reference  to  another  sort  of  training — 
the  training  which  every  boy  owes  to 
his  country  and  which  every  enlightened 
parent  should  encourage  by  all  the 
means  in  his  power.  I  allude  to  the 
military  training  for  which  facilities 
are  now  offered  by  Lord  Haldiuie's 
scheme,  the  Ofticers'  Training  Corps, 
of  which  a  branch  or  "  contingent  "  is 
in  existence  at  every  i)ublic  school, 
and  in  most  private  ones  of  any 
standing,  it  being  in  fact  at  many 
.schools  compulsory  to  join  except  on 
production  of  a  medical  certiticate. 
A  boy  enters  the  O.T.C.  at  14.  He  will 
be  provided  at  once  with  uniform,  rifle 
and  accoutrements,  all  of  which  In-long 
solely  to  him,  and  he  is  expected  to 
maintain  them  in  a  manner  worthy  of 
a  soldier.  A  large  proportion  <'f  time 
tliroughout  his  O.T.C.  career  is  devt)ted 
to  shooting,  there  bemg  usually  a 
miniature  range  on  the  s]X)t  with 
frequent  opportunities  for  practice  at  a 
neighbouring  full  size  range.  Being 
pa^ed  as  "  efficient "  he  is  eligible  for 
the  annual  training — one  of  tlie  finest 
holidays  conceivable.  (Last  yi  ar,  i()i2, 
there  were  4,000  cadets  encamiM>d  at 
Aldershot,  and  3500  on  Sausbuiy 
Plain  for  ten  glorious  days.) 

Boys  who  stay  at  school  till  17  ought 
to  take  the  War  Office  examination 
for  the  "  Certificate  A  "  not  only  as  a 
help  to  promotion  in  the  O.T.C.,  but 
because  it  reduces  by  a  month  the 
probationarv  period  in  the  next  stage, 
the  "  Special  Reserve  of  Othcers " 
which  is.  of  course,  the  end  and  object 
for  whicli  the  O.T.C.  exists.  .Assuming 
that  a  six  months'  interval  between 
school  and  business  training  is  practic- 
able, the  next  stc  ]>  (o  hv  taken  is  to 
select  a  imit  to  join — preferably  one 
whose  regular  battalion  is  stationed 
within  easy  distance  of  home.  The 
O.C.  (Ofhcer  Commandint;)  of  the  O.T.C. 
will  then  write  to  the  Adjutant  <»f  the 
regiment  selected,  and  this  officer  will 
communicate  wnth  the  Colonel,  who  will 
appoint  time  and  place  for  a  personal 
interview.  Assuming  this  to  be  satis- 
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factory,  a  report  to  head- quarters 
follows,  with  the  effect  that  in  due 
course  the  boy  is  requested  to  report 
himsdf  for  medical  examination  at  the 
nearest  rccruitinf^  office.  The  result 
of  tlus  ordeal  is  not  communicated  to 
the  candidate,  who  has  the  long-drawn- 
out  pleasure  of  perusing  the  London 
Gazette  twice  a  week  until  such  time  as 
he  joyfully  racoanters  a  paragraph 
reading  thus  : — 

"  Special  Reserve  of  Officers.  3rd 
Battalion,  The  Heathshire  Regiment. 
John  Thomas  Smith,  late  Cadet 
Corporal,  King  Edward's  School  (\\'(st- 
hanipton)  Contingent,  Officers'  Train- 
ing Corps,  to  be  Second  Lieutenant  (<m 
probation).    Dated  ist  January,  1913." 

This  anxious  period  of  waiting  may  hv 
abridged  by  writing  or  wiring  (reply 
paid)  to  the  War  Office  to  ask  if  the 
Commission  has  been  granted,  if  the 
Gazette  notice  docs  not  a^jH;ar  in  reason- 
able time,  say  a  fortmgfat  after  the 
medical  examination.  Then  begins  the 
tlu"illing  business  of  ordering  the 
uniform.  The  cost  of  the  whole  outfit 
— service  dress,  full  dress,  blue  undress 
and  mess-ldt,  witli  boots,  held  glasses, 
uniform-case,  etc.,  can  be  kept  as 
low  as  £$2  by  going  to  the  right  tailor  ; 
and  the  Government  ^ant  of  £^0  is 
<iuite  a  substantial  contributim  towards 
it.  The  jroung  officer  will  in  due 
course  be  summoned  to  join  his  regi- 
ment, and  his  probationary  period  of 
six  months  will  commence  (being  reduced 
by  one  month  if  holding  Cf  rtiluate 
*'  A,"  or  by  three  montlis  if  in  possession 
of  Certificate"  B/') 

The  obligation  to  serve  abroad  when 
required  is  understood,  for  the  object 
of  the  Special  Reserve  is  to  supi^ement 
the  regular  ann\  A  certain  ])ercentage 
of  the  first  draft  sent  out  indeed  would 
consist  of  S}X'cial  Reservists,  who,  by 
the  way.  when  called  up,  cease  to  bear 
that  title,  and  become  part  of  the 
Army — incidentally  dropping  in  pay 
thereby,  as  Airing  training  the  officers 
of  the  S.R.  of  Officers  receive  more  pay 
tlian  regular  officers  of  corresponding 
rank. 

The  intention  of  the  War  Office 
being  that  the  service  in  the  S.R.  of 
Officers  should  pay    for   itself,  the 


regular  second  lieutenant's  pay  of 
5s.  3d.*  jx-r  day  is  supplementtxi  by  a 
"  messing  allowance  "  of  4s.  per  day  ; 
and  when  under  canvas  for  the  annual 
training  or  manoeuvTes  a  "  field 
allowance  "  of  2s.  bd.  per  day,  which 
ought  to  cover  all  reasonable  ex- 
penses. 

In  addition  to  all  this,  there  ^  is 
an  obligation  to  serve  one  month  with 

the  regiment  in  each  succecxling  year, 
for  which  an  annual  retaining  fee  of 
£20  is  paid,  with  pay  and  allowances 
during  the  month's  service  as  abov« 
mentioned. 

This  annual  month  may  possibly  be  a 
stumbling  block  in  makmg  arrange- 
ments for  apprenticeship  or  pupilage, 
but  most  large  employers  are  more 
disposed  to  encourage  a  lad  to  bear 
his  part  in  his  country's  service  than 
to  raise  objections  to  liis  absence  for  a 
month  in  each  year,  it  being,  of  course, 
understood  that  the  usual  fortnight's 
summer  holiday  is  taken  out  of  it. 

Finally,  I  should  like  to  say  that 
while  pofcmning  his  probationary 
training  the  young  S  R.  officer  is  treated 
with  the  utmost  consideration  by  the 
regular  officers  with  whom  he  is  asso- 
ciated. 

The  experiences  of  this  period  cannot 
but  be  invaluable  for  many  reasons. 
Habits  of  discipline  are  incnkated,  the 

sense  of  duty  becomes  an  abiding 
principle,  and  while  the  distinctions  of 
rank  and  seniority  are  rigidly  observed, 
the  erstwhile  schoolboy  needs  only  to 
conduct  liimself  as  an  ofhcer  and 
gentleman  to  find  a  very  agreeable 
sense  of  comradeship  in  the  .  social 
intercourse  with  his  brother  offiicers. 

In  the  years  to  come  the  annual 
mtUlth  of  service  with  his  regiment  is 
eagerly  looked  forward  to  as  a  delightful 
interlude  in  liis  industrial  training,  and 
the  feeling  that  for  a  brief  period  he  is 
"  a  man  under  authority,  having 
soldiers  under  him,"  will  never  fail  to 
remind  him  of  the  duty  he  owes  for  the 
remaining  eleven  months  to  his  em- 
ployers and  their  duly  appointed  repre- 
sentatives. 


*  Since  th*  abo^e  wm  written  there  has  beea 
an  mcreaSA  la  th«  pay  of  the  legular  ottoets. 
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£  of  the  most  characteristic,  and 
at  the  same  time  important 

properties  of  metals  as  a  class, 
as  distinguished  from  non-metals,  is 
their  relatively  high  conducting  power 
for  rli'Ctricity.      Many    liquids,  non- 
aqueous as  well  as  aqueous  and  mix- 
tures of  molten  salts,  and  aJso  of 
solid  oxides,  conduct  electricity,  but 
not  only  do  they  conduct  much  less 
readily  than  the  typical  metals,  but 
also   they  transmit  the  current  in  a 
different    manner.    In    tlie    case  of 
aqueous  solutions,  for  example,  the  well 
known  phenomenon  of  electro]3rtic  dis- 
sociation occurs,  ^'iving  rise  to  the 
formation  of  electrically  charged  mole- 
cules or  atomic  Comdexes,  termed  ions, 
and  the  process  of  conduction  iseffrc  t(  d 
by  the  motion  of  these  electrically 
charged  bodies,  the  ions,  through  the 
solution,  the  positive  ions  traveUint^  to 
tlio  cathode  and  the  negative   to  the 
anode  respectively.    In  metallic  con- 
duction, on  the  other  hand,  no  such 
transport  of  matter  takes  ])lace,  and 
hence  it  is  apparent  that  not  only  is 
the  difforence  between  the  two  kinds  of 
conduction  one  of  degree,  but  also  one  of 
kind,  and  various  theories  have  been 
brought  forward  from  time  to  time  to 
account  for  the  observed  facts. 

The  most  recent  of  these  theories  is 
the  so-called  electron  theory,  and  winch 
is  of  such  undoubted  importance,  that  it 
must  be  referred  to  shortly.  Tlie  (heorv 
was  first  propounded  by  certain  eminent 
physicists,  notably  by  Sir  J.  S.  Thom- 
son and  others,  wlio  showed  in  the  first 
place  that  the  mechanism  of  conduction 

*Read  before  the  Institute  of  Metals 
{Btrmingham  Sectfon). 


of  electricity  in  metals  is  analogous 
to  (l.  ii  .  :  the  conduction  of  electricity 
in  rarified  gases,  and  by  the 

so-called  Heta  rays  of  the  radio-active 
bodies.   The  latto"  have  been  prpved 
to  consist  of  streams  of  very  minute 
negatively   charged   particles  moving 
with  an  enormous  vdocity,  and  have 
been  termed  electrons.   According  to 
this   theory,   the  electric  current  is 
assumed  to  be  carried  by  the  drifting,  as 
it  were,  of  the  electrons  in  the  metal 
against  the  current,  or  in  other  words 
the  electrons  move  in  the  opposite 
direction  to  that  in  which  the  current  is 
flowing,  the  atoms  of  the  metal  being 
supposed  to  be  in  a  continual  state  oi 
dissociation  intddectrons  and  positively 
charged  residues.     Since  it  is  the  elec- 
trons, and  not  the  atoms  of  the  metal 
which  convey  the  current,  the  passage 
of  the  current  through  the  metal  does 
not  imply,  as  Sir  j.  |.  Thomson  pointed 
out,  the  existence  of  any  transj^ort  of 
these  atoms  through  the  metal,  and  it  is 
well  known  that  in  metallic  contluction 
no  such  phenomenon  occurs,  although  it 
is  the  chief  characteristic  of  electrol3rtic 
conduction.    It  is  very  striking  that  no 
other  theory  yet  advanced  oners  any 
explanation  to  account  for  this  simple 
and  most  fundamental  fact  of  metallic 
conduction.    Still  we  nnist  not  omit  to 
say  that  the  electron    theory,    in  it 
present  stage  of  development,  is  very 
far  from  Ix'ing  complete,  and  that  this 
incompleteness  may  possibly  be  due 
to  the  fact  that  it  has  not  as  yet  taken 
any  cognisance  of  the  effect  of  constitu- 
tion upon  conductivity,  a  factor  which 
as  we  shall  see  is  of  very  great  impor- 
tance. 
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The  ability  of  the  ordinary  metals  to 
conduct  electricity  varies  with  the 
metal,  the  ductile  metals  sUver,  c(»])p(  r, 
gold  and  aluminium  having  the  hif^hcst 
conductivities,  and  the  brittle  metals 
antimony  and  bismuth  the  lowest,  the 
conductivity  of  silver  being  no  less  than 
75  times  greater  than  that  of  bismuth. 
The  conductivity  of  any  material  is 
defined  as  the  reciprocal  of  its  specific 
resistance  or  resistixnty,  and  is  usually 
expressed  in  Olun-centimetres. 

The  conductivity  of  any  metal  is 
very  greatly  aUlected  by  the  presence 
of  even  the  smallest  traces  of  impuri- 
ties, and  also  but  to  a  less  degree  by 
its  physical  condition,  \\  hi  ther  hard  or 
soft,  the  soft  or  annealed  state  always 
having,  under  normal  conditions,  the 
higher  conductivity.  This  difference  in 
conductivity  between  the  hard  and  the 
soft  states  may  amount  to  only  2  or 
3  per  cent.,  as  m  the  case  of  copjier,  or 
as  mucli  as  15  to  20  ]x*r  cent.,  as  in  the 
case  of  tungsten  or  molybdenum.  The 
reason  for  this  variation  is  most 
probably  to  be  looked  for  in  the  differ- 
ence of  size  of  the  crj'stallinc  grains 
in  the  two  states.  In  a  hardened  or 
worked  metal,  the  crystal  grains  are  not 
only  smaller  and  more  numerous  than 
in  an  annealed  metal,  but  also  the 
contact  between  the  individual  grains 
is  less  intimate,  owing  to  tlic  ])r(  si'nci' 
in  the  intor-crj'stallinc  boundaries  of  a 
hard  and  amorphous  modification  of 
tlie  parent  substance.  The  recent  work 
of  Hi'ilby,  of  Rosen hain,  and  of  Ben- 
^ough,  upon  this  amorplious  material, 
is  very  suggestive  in  this  connection. 
Temperature,  as  is  well  known,  has  a 
most  potent  influence  upon  conduc* 
tivity.  Rising  temperature  causes  the 
conductivity  of  the  good  conductors  to 
decrease,  that  of  the  bad  conductors  or 
insulators  to  increase,  and  it  is  probable 
that  every  element  has  an  inversion 
temperature,  which  is  high  for  non- 
metals  and  very  low  for  metals.  The 
recent  researches  of  Kanunerlingh 
Onnes  have  ]iro\i'd  that  the  n'sistance 
of  gold  wire  practically  disappears  at 
the  very  low  temperatiuie  at  which  the 
rare  gas  Helium  boils,  when  liquefied, 
and  it  is  now  generally  believod,  and 
here  it  should  be  noted  that  tliis  con- 
clusion is  not  what  one  would  be  led  to 


expect  from  the  electron  theory,  that 
at  the  absolute  zero  of  temperature  all 
pure  metals  would  become  perfect 
conductors  of  electricity.  Consequently 
it  follows  that,  in  the  economical 
transmission  of  electrical  energy,  low 
temperature  is  as  im}H>rtant  as  high 
chemical  purity,  especially  too  as  the 
greater  the  purity  of  the  metal  the 
greater  is  its  temperature  co-eliicient 
of  resistance. 

There  is  an  important  connection 
between  the  dectrical  and  thermal 
conductivities  of  metals.  If  tlu  metals 
are  arrang(d  in  the  order  of  their 
conductivities  for  electricity  and  heat 
respectively,  it  will  be  found  that  the 
sequence  is  almost  identical  in  both 
cases,  althougli  there  are  a  few  notable 
exceptions  which  cannot  be  disre- 
garded. In  a  large  number  of  cases, 
too,  the  ratio  of  the  electrical  to  the 
thermal  conductivity  is  constant  at 
the  same  temperatures,  as  Wiedemann 
and  Franz  were  the  first  to  point  out, 
although  here  again  well  marked  ex- 
ceptions occur  of  which  account  must 
be  taken.  Thus  while  the  electrical 
conductivity  of  aluminium  and  also  of 
nickel  decreases  with  ascending  tem* 
perature,  the  tliermal  conductivity  of 
the  latter  decreases,  whilst  that  of  the 
former  increases,  drcnmstances.  as  it 
ha]>]H'ns,  which  favour  each  metal  for 
the  particular  uses  to  which  it  is  com- 
monly applied.  These  facts  could,  and 
probably  would,  have  Ix en  {iredicted 
from  the  electron  theory,  had  they  not 
been  discovered  previously. 

The  study  of  the  electrical  conduc- 
tinty  of  alloys  may  be  said  to  liave 
commenced  about  half  a  century  ago, 
when  Matthiessen  published  his  valu- 
able researches  upon  this  subject,  in 
which  he  showed  that  the  conductivity 
of  alloys  is  not,  as  a  rule,  an  additive 
property  dependent  simply  upon  the 
p^rccntai^'e  composition,  but  that  it  is 
a  proj^K-rty  dependent  also  upon  the 
constitution.  Since  that  time  the  study 
has  madi-  i^rcat  ])rogress,  and  our  present 
day  knowledge  of  the  conductivity  of 
alloys  is  remarkably  complete.  We 
have  just  said  tliat  the  connection 
between  conductivity  and  chemical 
composition  is  not,  in  general,  a  linear 
function  of  the  latter,  and  the  reason 
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that  it  is  nut  is  primarily  because  so 
few  of  the  metals  are  mutually  insolu- 
able  in  the  solid  state,  or,  in  otiier 
words,  incapable  of  formini?  solid 
sdutions.  In  the  case  of  a  true 
eutectiferous  series,  in  wliich  each  alloy 
throngliout  the  range  from  o  to  lOO  per 
cent,  of  either  of  the  component  metals 
consists  solely  of  a  mechanical  mixture 
or  rnn  glomerate  of  the  ctnnponent 
metals,  the  conductivity  comj>osition 
curve  is,  as  might  be  expected,  apjjroxi- 
mately  a  straight  line.  The  zinc  tin 
series  furnishes  one  of  the  comparatively 
rare  examples  of  this,  the  simplest 
rdationship  possible.   (Fig.  i.) 


nc.  I. — («c>uiLZ). 


Just  as  certain  of  the  pure  metals 
owe  their  practical  utility  largely  to 
their  high  conductivity,  so  also  certain 
of  the  alloys  are  of  industrial  value  for 
the  opposite  reason,  namely,  on  account 
of  their  high  resistance.  And  from  tilis 
standjjoint,  by  far  the  most  important 
class  of  alloys  is  that  in  wliich  the  con- 
stituent metals  enter  into  solid  solution 
with  one  another,  all  the  well  known 
resistance  alloys  being  included  in  this 
category.  In  every  case  in  which  the 
added  metal  forms  a  solid  solution  with 
that  metal  which  is  in  excess,  the  con- 


ductivity drops  rapidly,  no  matter 
whether  the  added  metal  is  in  itself 

a  better  conductor  or  not.  The  addi- 
tion of  silver  to  gold,  for  instance, 
lowers  the  conductivity  of  the  latter 
to  an  almost  surprising  extent,  when  it 
is  rememlx-red  that  silver  is,  when  pure, 
a  considerably  better  conductor  than 
gold.  (Fig.  2.)  Hie  reason  is  that 
these  metals  form  solid  solutions 
mutualh-. 


*         4*  «« 
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r  The  copper  nickel  alloys  consist  of 
a  continuous  series  of  sohd  solutions, 
and  rank  amongst  the  impf)rtant 
resistance  alloys.  (Fig.  3.)  The  well 
known  alloy,  Constantan,  contains 
60  per  cent.  Cu.  and  40  per  cent.  Ni., 
and  has  a  specific  resistance,  rouglUy, 
30  times  that  of  pure  cop])er.  An  in- 
teresting experiment  was  di  scribed  last 
year  by  Messrs.  Bruni  and  Mene^hini, 
who  coated  a  nickel  wire  electrolytically 
with  copper  to  such  a  thicknos  that 
the  two  metals  were  in  the  same  pro- 
portioris  as  in  Constantan.  The  com- 
pound wire  thus  formed  was  then 
maintained  at  a  temperature  of  about 
i.ooo""  C.  for  nearly  a  week,  and  its 
resistance,  which  was  0*0260  Ohms  at 
the  start,  was  measured  at  intervals. 
Diffusion  occurred,  the  copper  and 
nickel  mutually  went  into  solid  solu- 
tion, and  at  the  same  time  the  re- 
sistance continually  rose,  until  it  be- 
came constant  at  0.2105  Ohms.  It  was 
then  proved  by  analysis  that  the  wire 
had  been  converted  into  Constantan, 
and  that  its  composition  was  tluough- 
out  quite  uniform.  A  very  imp(»tant 
characteristic  of  solid  solutions  is  their 
exceedingly  small  co-efficient  of  change 
of  conductivity,  with  temperature.  As 
in  the  case  of  pure  metals  it  is  negative, 
that  is  to  say,  the  conductivity  of  alloys 
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in  general,  whether  sdid  solutions  or 

not,  falls  as  their  temperature  rises, 
and  there  is  usually,  but  not  invariably, 
a  remarkably  close  similarity  between 
the  temperature  co-ttTicient  and  the 
conductivity  curves.  The  copper  nickel 
alloys  afiord  a  good  illustration  of  this. 
(Fig.  3.)  Note  the  low  value  of  the 
temperature  co-efficient  of  Constantan, 
scarcely  the  i-iooth  part  of  that  of 
pure  copper. 


diagram  would  not  lead  one  to  suspect 

it. 

Dr.  Guertler  considers  that  the 
existence  of  a  cusp  on  the  conductivity 
curve  is  a  reliable  indication  of  the 
occurrence  of  a  true  chemical  com- 
pound, altliougli  the  absence  of  one 
cannot  be  taken  as  proof  of  the  absence 
of  a  comjwund.  The  throe  types  of 
conductivity  curves,  just  described, 
namely,  those  for  a  eutectiferous  series. 
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The  most  complex  type  of  conduc- 
tivity arises  when  the  component  metals 
form  inter-mctainc  compounds.  The 
occurrence  of  an  inter-metallic  com- 
pound is  always  wdl  shown  on  the 
conductivity  curve,  usually  as  a  peak 
or  cusp,  but  sometimes  only  as  a  break 
or  abrupt  change  of  direction.  Magne- 
sium and  tin.  for  example,  form  <me 
compound.  Mg2Sn,  which  is  very 
sharply  aiid  accurately  defined  on  the 
conductivity  curve.  (Fif,'  4  )  The 
latter,  moreover,  shows  ])hiinly  that 
tin  is  appreciably  soluble  in  sohd 
magnesium,  although  the  equilibrium 
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for  a  continuous  series  of  solid  solu- 
tions, and  for  a  series  in  which  one 
compound  is  ])r('scnt,  are  the  fiiiula- 
mental  types,  and  the  majority  of 
conductivity  curves  met  with,  although 
they  may  at  first  si.qht  a])]x*ar  much 
more  compUcated,  will  be  found  when 
carefully  analysed  to  consist  invariably 
of  combinations  of  these  simple  types. 
The  general  form  of  the  tcmperature- 
co-efficient  curves  is  much  less  stereo- 
typed, although  it  usually  follows  that 
of  the  conductivity  nirves  closely. 
It  is  noteworthy  that  whilst  the  tem- 
perature-co*ef&cient  of  intor-metallic 
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compounds  is  frequently  of  tlie  same 
order  of  ma^^nitude  as  that  of  the 
constituent  metals,  the  conductivity 
is  always  considerably  less.  Conse- 
quently, as  Dr.  Guertler  has  pointed 
out  in  a  recent  paper,  wu  cannot  hojx? 
to.  discover  an  alloy  the  conductivity 
of  which  shall  be  greater  than  that  of 
the  constituent  metal  of  higluT  or 
liighest  conductivity.    But  it  must  not 


be  lost  sight  of  that  the  pure  metals 
cannot  always  be  employed  as  con- 
ductors, owing  to  their  relatively  low 
tenacities,  and  where  this  is  the  case, 
and  an  alloy  has  to  be  used,  it  is  most 
important  to  know  which  combinations 
of  metals  will  be  the  most  suitable  to 
employ,  both  from  the  ]>oint  of  view  of 
conductivity  and  of  tensile  strength, 
etc. 


durrcnt  topics 


New  Battleships. 

ACCORDING  to  the  "  Globe,"  a  new 
tjT^c  of  "  fast  battleship  "  is  in 
contemplation,  and  a  large  staff 
of  draughtsmen  at  the  Admiralty  is 
at  present  engaged  on  designs.  These 
vessels  will,  it  is  stated,  combine  the 
principal  features  of  the  battleship 
and  the  battle  cruiser.  It  is  probable 
that  the  armament  will  consist  of  eipht 
15  inch  guns  together  with  sixteen 
6  inch,  which  will  be  the  most  powerful 
combination  of  gun  power  yet  seen. 
The  annour  protection  will  also 
embody  important  advances  on  present 
practice.  The  advent  of  the  battle 
cruiser,  of  course,  rendered  such  a 
combination  more  or  less  certain, 
and  in  this  projected  type  the  greatest 
efficiency  of  gun  power  and  speed  will 
be  combined.    These  vessels  may  be 


expected  to  be  laid  down  in  the 
autumn. 


Small  Motor  Driven  Refrigerators  for 
Valley  Loads 

NOW  that  central  station  engineers 
are  casting  about  for  every 
means  whereby  they  may  in- 
crease the  day  l<)ads  and  level  up  the 
load  factors  of  their  plant,  it  is  sug- 
gested that  more  attention  should  be- 
paid  to  small  motor-driven  refrigera- 
ting machines  than  has  hitherto  been 
the  case.  To  mention  a  few  of  the 
op]>ortunities  for  such  machines,  we 
may  instance  tlie  cold  storage  required 
by  butchers,  dairies,  creameries,  hotels, 
hospitals  and  bottling  stores.  The 
majority  of  these  are  at  present  sup- 
plied with  block  ice.  and  in  the  average 
case  the  saving  to  be  effected  by  tlie 
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adoption  of  motor  driven  refrigerating 
machines  would  amount  to  about  half 

the  cost  of  the  ice  method.  Neglecting 
the  trades  requiring  larger  plant — sucli 
as  breweries,  etc.,  motor  powers  up  to 

5  h  p.  wonld  meet  the  re(Hiirenients  of 
most  of  those  cases, depending  upon  the 
ice  making  or  cold  storage  capacity 
required. 

The  machine  should  be  compact  and 
demand  a  minimum  of  attention  in 
operation.  It  could,  in  fact,  he  made 
to  ojierate  automatically  by  the  tem- 
perature change  without  muchdilUcult)'. 
It  would  seem  that  an  enterprising 
firm  wlio  (l(veloj)ed  a  special  lineofsucli 
machmes  expressly  for  motor  drivel, 
and  who  issued  attractive  advertising 
literature  for  dissemination  to  the 
central  station  business-getting  depart- 
ments, should  reap  a  rich  harvest  by 
such  action,  and  it  may  also  be  pointed 
out  that  the  market  for  their  product 
would  not  be  contincd  to  "  mains 
consumers,  but  that  it  would  also 
a]i])eal  tr)  a  large  number  <if  electricity 
users  who  generate  their  own  current, 
such  as  large  residences,  hoteb,  farms, 
and  so  on. 


By-Prodvct  Coke  Ovcas. 

THE    Times   recently  gave  some 
interesting  details  re  by-product 
coke  ovens  showing  that  con- 
siderable progress  is  bmg  made  in 
this  direction. 

In  Yorkshire,  which  is  the  second 
coke-maldng  county  in  England,  the 
tonnaire  produced  being  exceeded  only 
in  Durliani,  there  were  in  operation 
in  191 1  no  fewer  than  3,539  beehive 
ovens  dealing  with  approximately 
2,000,000  tons  of  coal  annually.  In 
view  of  the  enormous  waste  thereby 
involved  owing  to  the  loss  of  the  valu- 
able by-products,  it  is  satisfactory  to 
note  that  at  many  collieries  beehive 
ovens  are  being  abolished  and  modem 
types  of  by-product  recovery  ovens 
erected  in  their  stead. 

The  Lowmoor  Company,  Lowmoor, 
near  Bradford,  an  old  firm  of  iron 
makers,  are  just  making  the  change  to 
Wproduct  ovens,  and  in  the  first 
instance  the  installation  is  to  consist 
of  a  battery  of  25  Koppers  regenerative 
ovens«  with  plant  for  tar,  sulphate  of 


ammonia,  and  benzol.  To  begin  with, 
the  by-product  plant,  which  is  arranged 
for  subsequent  extension,  will  be  made 
capable  of  dealing  with  the  gases 
from  50  ovens.  The  installation  is  also 
to  include  a  coal  compressing  and 
charging  plant  comprising  a  fixed 
stamping  station  and  a  combined 
coal-charging  and  coke-pushing  engine. 
The  coal  will  be  delivered  to  the 
trough  of  the  charging  machme  by 
means  of  a  scraper  conveyor  from  the 
storage  bunker,  and  will  be  com- 
pressed by  a  magnetic  stamper  operated 
by  an  8  H.P.  motor.  The  charging 
and  pushing  machine  is  to  be  electric- 
ally operated  by  means  of  a  40  H.P. 
motor.  A  coal  service  hopper  of  150 
tons  capacitv  is  to  be  erected  to  work 
in  conjunction  with  an  existing  storage 
bunker.  The  coke  will  be  discharged 
upon  an  inclined  bench  arranged  to 
facilitate  tlie  loading  of  the  coke  into 
barrows.  For  quenching  the  coke  a 
Darby  patent  ({uencher  u  provided 
supplied  with  water  at  a  jnessure  of 
80  lb.  per  s(juare  inch. 

The  Tinsley  Park  Colliery  Company, 
of  Shefticld.  already  have  a  battery  of 
Simon-Carves  recovery  ovens  at  work, 
but  they  are  making  additions  to  their 
coking  plant  and  are  installing  40 
Koppers  regenerative  ovens  with  by- 
product plant  for  dealing  with  the 
gases  from  50  ovens  and  recovery  of 
crude  benzol.  The  subsidiary  plant 
includes  a  service  btmker  of  600 
tons  capacity  furnished  with  an  elevator 
and  distributing  conveyor,  an  electric- 
ally-operated combmed  coal-compres- 
sing  and  coke-discharging  machine, 
cooling  and  quenching  water  pumps, 
and  a  water  coolin^j  frame. 

In  this  connection  we  would  draw 
attention  to  the  series  of  articles  we 
have  just  published  on  Mechanical 
Handling  of  Coke,  which  will  prove  of 
interest  to  those  about  to  enlarge 
old,  or  install  new,  plant. 


A  Large  Storage  Battery. 

WHAT  is  said  to  be  the  largest 
storage  battery  in   the  world 
i-^    installed  at    the    jdant  of 
the  Consolidated  Gas,  Electric  Light 
and  Fbwer  Company's  plant  at  Balti- 
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more,  Maryland.   This  battery  consists 

of  152  cells,  each  containing  133  type 
"  H "  Exide  plates,  or  a  total  of 
20,216  plates.  The  capacity  of  tlus 
battery  is  44,000  amperes  for  SIX 
minutes,  or  approximately  9.000  kilo- 
watt, the  total  weight  of  the  instal- 
lation  txini;   in   eXCesS  of  1,000,000 

]>oun(ls.  The  battery  is  used  as  a 
stand-by. 


R«Milnbl«  PMd  Water  Heater. 

NEWS  of  another  pircc  of  }K)\vor 
plant  apparatus  which  is  the 
largest  01  its  kind  comes  from 
the  United  States,  the  home  of  the 
lariu'fst  tliint^^.  In  this  case  it  is  a 
feed  water  lu  att  r  of  the  closed  type 
which  has  been  installed  by  the  Boston 
Edison  Illuminatinf^  Company.  Tliis 
heater  was  manufactured  by  the  Wliit- 
lock  Coil  Pipe  Company,  of  Hartford, 
Connecticut,  and  has  the  cxtrctiuly 
large  capacity  of  20,000  horse  power. 
The  water  to  be  heated  is  passed 
through  copper  tubing  o\  er  which  the 
heating  steam  is  directed.  The  copper 
tube  inside  the  heater  is  almost  one 
mile  in  length.  The  shell  is  built  up  of 
boiler  iron  with  single  rivotted  lap 
joints  on  the  circumferential  seams,  and 
butt  strap  joints  on  the  longitudinal 
seams.  The  general  design  of  the 
heater  is  along  the  lines  of  the  "  Ameri- 
can Standard  heaters  constructed  by 
the  Whitlock  Company. 


TOOTHED  GEARING. 

To  the  Editor. 

Dear  Sir, — We  noticed  on  page  784 
of  your  June  issue  an  article,  entitled 
"  Toothe<l  Gears  for  Kh  ctric  Motor 
Drives."  but  cannot  at  all  agree  with 
the  contentions  put  forward  by  the 
writ(  r  of  the  article,  who  in  stating  that 
double  helical  gears  are  costly  in  com- 
parison with  straight  cut  gears,  en- 
tirely overlooks  the  facts  that  with 
double  helical  gears  smaller  sizes  can 
be  used,  very  much  higher  ratios  can 
be  obtained,  and  that  velocities  can 
generally  be  kept  down,  owing  to  the 


small  diameters  and  wide  face-widths 

which  can  be  arranged.  The  diameter 
of  a  double  helical  pinion  is  usually 
limited  only  by  the  diameter  of  shaft 
necessary  for  rigidity.     Owing  to  the 

ver\'  much  larger  ratios  possible  it 
fretjucntly  happens  that  a  .smgle  reduc- 
tion double  helical  set  can  be  put  in  the 
]ila(  (•  of  a  doul)Ie  reduction  straight 
cut  set.  thus  saving  a  considerable 
amount  of  space  and  an  intermediate 
shaft  u-ith  its  t>earing  and  consequent 
losses  in  efficiency. 

The  hmiting  velocity  of  i.ooo  ft.  par 
minute,  which  hi  L'ives  for  straight  cut 
gears  if  the  vil>ration  is  to  be  kept 
within  reasonable  hmits.  does  not 
apply  to  double  helical  gears,  as  owing 
to  the  continuous  engaqement  of  the 
teeth  of  the  latter,  vibration  is  reduced 
to  a  minimum  even  at  high  velocities. 

We  further  n<»tice  he  states  tliat 
neither  double  helical  gears  nor  worm 
gears  admit  of  any  end -play  of  the 
motor.  This  remark  is  certainly  true 
as  far  as  the  latter  gears  are  con- 
cerned, but  not  the  former, as  isdemon- 
strated  in  the  lan^e  number  of  instances 
in  which  these  gears  are  running  suc- 
cessfully with  pinions  mounted  directly 
on  the  motor  shafts.  His  contention 
that  end-i>lay  is  essential  and  is  such  a 
very  important  point,  is  interesting,  in 
view  of  the  fact  that  a  large  number  of 
motor  makers  during  recent  years  have 
employed  ball  bearings  even  for  con- 
tinuous current  motors  of  large  sizes. 
As  must  be  well  known  to  all  u>ers  of 
ball  b<  ariiii,'<.  their  use  prechules  the 
possibility  of  end  movement  of  the 
armature  more  effectively  than  double 
helical  gearing  ])ossibly  can. 

A  more  thorough  examination  into 
the  facts  of  these  drives  will,  we  are 
sure,  convince  your  readers  that  the 
statement  that  it  is  more  economical  in 
tlie  long  run  Ut  employ  slow  speed 
Mintnrs,  is  a  fallacy,  and  that  by  far 
the  cheapest  and  soundest  pro]>osition 
is  to  instal  high  speed  motors  with 
dottUe  helical  gears. — Yours  faithfully. 

The  Power  Plant  Co.,  Ltd., 
West  Drayton,  Middlesex. 
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Trade  Mimmf  Waters  i  Th«ir  Nature 
and  DispotaL 

By  H.  Maclean  WiUoii  M.D.,  U.S.  .  (  hicf  Iii>pcc- 
tor,  Wr»t  Kidinc  o(  Yorkshire  Kiver^  Uoard.  aud  H. 
T.  Calvnrt,  M^..  Pk.IX.  F.l.C  Pabltobed  by  Cbarln 
OrittB  aiM  Co.   nrle*  im.  net. 

This  work  presents  in  a  concise 
form  the  material  gathered  by  the 
authors  during  their  many  years' 
experience  of  the  working  of  the 
Rivers  Pollution  Prevention  Acts. 
It  describes  trade  processes  so  far  as 
necessary  to  show  the  origin  and  nature 

of  polluting  \v;iste  liquids,  and  gives 
means  found  suitable  for  the  purifica- 
tion of  such  liquids.  It  may  be  at 
once  said  that  toe  work  is  authxmta- 
tive  and  covers  the  problems  in  ques- 
tion in  a  thorough  and  practical 
manner  and  is  certam  to  be  consulted 
with  advantage  by  municipal  engineers, 
manufacturers,  river  conservancy 
authorities,  and  others.  After  review- 
ing the  historical  and  legal  aspect  of 
the  problems  of  rivers  pollution,  the 
authors  deal  in  turn  with  the  wastes 
from  the  coal  trade,  gas  manufacture, 

Srain  washing,  malting,  brewing  and 
istiUing,  the  leather,  paj>er,  and  textile 
trades,  and  sundry  other  manufactur- 
ing processes.  .\  chapter  is  also 
devoted  to  pumps,  screens,  tanks, 
filters,  and  other  apparatus  for  the 
purification  of  wastes.  The  discharge 
of  trade  waste  waters  to  public  sewers, 
and  methods  of  analysis  and  limits  of 
impurity  form  the  concluding  pages. 
There  appears  to  be  no  mention  of  the 
great  trouble  now  conunon  in  regard 
to  the  access  of  petrol  and  waste  motor 
oil  into  sewers  and  watercourses  from 
garages  and  similar  washings  off  road 
surfaces  a  subject  which  we  think 
might  properly  have  found  a  place 
in  a  volume  devoted  to  "  trade  wastes." 
This,  however,  does  not  detract  from 
the  great  mass  of  technical  information 
which  has  been  so  well  put  forward  by 
the  authors,  who,  on  every  page  exhibit 
that  complete  mastery  of  their  subject 
such  as  is  only  to  be  acquired  by 


many  years  of  practical  experience. 
For  example,  on  p.  274,  in  regard  to 
the  much  abused  question  of  treat- 
ment of  sewage  on  land,  the  experience 
of  the  writers  enables  them  to  say  that 
"  Where  there  is  a  sufficient  area  of 
suitable  land  it  is  better  than  an\- 
filter."  With  this  authoritative  opinion 
we  are  able  to  heartily  agree,  but  not  so 
do  the  exclusive  enthusiasts  of  the 
"  bacteria  bed."  If  space  permitted 
many  other  criticisms  exhibiting  the 
great  practical  knowledge  of  the 
authors  could  be  cited.  The  book  is 
admirably  illustrated  with  74  well 
drawn  ilhistrations,  and  is  well  suited 
to  the  requirements  of  the  municipal, 
sewage,  and  rivers'  pollution  engineer. 


OutliAeol  Industrial  Chemiatiy— Iron 

and  Steel. 

A  .  intro  luriorv  !Pxt  book  (or  Engin^rrs  and  Mrtal* 
Kv  O.  T.  Hudson.  M.Sc.^  A.R.C.S..  L«clttt«r 
on  MrLillography,  Hirmingham  Uaivmity).  ConiUMe 
and  Co.,  Ltd.,  Loadon,  1913. 

This  Kttle  work  is  a  very  successful 

attempt  within  the  limit  of  169  pages 
to  present  to  its  readers  the  more 
important  principles  of  the  metallurgy 
of  iron  and  steel. 

Its  able  and  academic  treatment  of 
subject  matter  is  focussed  upon  the 
constitution  of  steel  and  cast  iron, 
with  the  merhaniral  and  heat  effects  in 
theproperties  and  allies. 

The  range  and  compass  of  this  small 
book  is  admirably  in  perspective  and 
in  relative  importance  to  the  main 
facts. 

The  subject  matter  of  the  different 
chapters  is  copioiisly  illustrated,  and 
all  that  is  required  to  be  known  of 
iron  and  steel  in  theor}-  is  brought 
up-to-date  in  a  readable  and  interesting 
manner.  To  the  student  of  engineer- 
ing and  metallurgy  it  should  prove  of 
great  utiHty  in  instnu  ting  him  in  the 
main  facts  of  the  subject. 

The  second  section  deals  with  the 
corrosion  of  iron  and  sted,  a  subject 
of  particular    and   recent  interest 
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which  is  most  ably  treated  at  len^h 

by  Guy  D.  BcngouKli.  M.A..  D.S.C., 
and  as  this  book  forms  one  of  a  series 
edited  by  the  above  able  exponent,  the 
knowledge  impartid  upon  corrosion  is 
from  an  aiithoritati\ e  source. 

Two  or  three  defects  may  be  noted. 
In  our  opinion,  the  description  of 
iron  smelting  is  rather  meagre,  as  also 
is  electric  smelting,  and  we  should  have 
liked  to  have  heard  more  on  the  dif- 
ferent methods  of  fusion  welding  under 
heading  welding.  We  do  not,  how- 
ever, hke  to  find  fault  with  such  an 
excellent  attempt  to  impart  the  chief 
principles  of  iron  and  steel  in  what  is 
claimed  only  to  be  an  elemental^ 
work,  but  we  can  safely  say  that  it 
more  than  justifies  any  such  claim 
and  we  cordially  recommend  its 
perusal  to  our  readers  or  any  one 
personally  interested. 


MfMtem  Pnmping  and  Hydravlic 
Machinery. 

Bv   Edward .  Butler.     »•«.  net.     London  t  Ch. 

Grifhti  .>iiJ  C".    I') 1 3. 

This  is  a  copiously  illustrated 
descriptive  account  of  an  immense 

variety  <>f  pumps  from  the  Cornish  to 
to  the  many  fancy  types  of  pumps  which 
crop  up  day  by  day.  There  is  also  a 
section  on  the  boring  of  wells  which 
seems  a  little  out  of  place  and  a  final 
section  on  turbnus  and  pelton  wlieels. 
The  book  is  up-to-date,  for  it  dt  seribes 
the  Chingfortl  pumps  of  Humphrey. 

In  the  historical  portiiin  tliere  is  no 
reference  to  the  water  pressure  i>umps 
of  Westgarth  and  Smeaton.  Jiinker< 
and  Reichanbeach,  or  the  later 
improved  pumps  of  Richard  Trevi- 
thick  used  so  much  in  lead  mines. 
This  book  does  not  deal  with  water 
engineering  to  any  extent,  but  is 
descriptive  without  being  critical,  nor 
does  it  go  much  into  detail.  Some 
writers  seem  to  be  very  much  im- 
])ressed  with  the  air  lift  pump.  The 
author  of  this  book  sees  it>i  extreme 
ellicicncy.  and  he  is  quite  right  right 
for  the  air  lift  should  only  be  used  as 
a  last  resource.  It  has  its  field,  but 
it  is  not  by  any  means  suitable  for 
general  work,  and  it  has  the  great 
disadvantage   of   producing  severe 


corrosion  of  inm  and  steel  for  the 

dissolved  air  in  the  pumju-d  water  is 
very  strongly  corrosive.  The  air  lift 
pump  has  been  the  subject  of  a  con- 
siderable amount  of  foolish  talking. 
Who  is  going  to  believe  that  air  forced 
down  a  pipe  of  200  feet  can  be  made 
to  eattt  the  rising  main  of  water  in 
some  special  preconcerted  manner  ? 

There  are  chapters  on  petroleum 
pumping  and  heating,  boiler  feed 
IMinii>s,  injectors,  sinking  pumps,  ccn- 
densor  or  air  pumps,  and  so  on.  The 
volume  is  very  complete  for  what  it  is, 
for  the  illustrations  are  very  full  and 
numerous. 


Building  Construction. — Vol.  II. 

By  J.  W.  Mjrkham.  A.K.I.B.A..  Hubert  A.  Salcbcil. 
F.R.I.B.A.,  Prof.  F.  M.  Sim|»on,  F.K.I.B.A.,  and 
othrn.     Longmans.  Green  and  Co.    London.    191 3. 

ii>».  6(1  ni*t. 

This  is  one  of  the  volumes  of  the 
series  called  the  Architect's  Library, 
which  cover  the  ffround  of  The  History 
of  Architectural  Development  in  three 
volumes  and  Building  Construction  in 
two  volumes.  .Ml  of  them  are  exceed- 
ingly well  written  by  autliorities  on  the 
various  subjects,  and  are  profusely 
illustrated. 


Etectric  Wiriagi  A  Primer  for  tiM 
«l  Wiremen  and  Stodeata* 

Bv  W.  C.  Clintoo.  B.Sc,  M.I.E.E.  John  Mvrrar. 
London:  1913.  as 

This  is  the  third  edition  of  this  little 

book,  and  the  fourth  time  that  it  has 
been  reprinted,  facts  wliich  testify  to 
its  usefulness.   The  present  edition 

embodies  a  new  chapter  on  d>Tiamos 
and  motors  is,  of  course,  thoroughly 
revised  and  brought  up  to  date. 


Modem  Sanitary  Engineering  and 
Plumtier's  Work. 

VoU.  I.  and  II.  By  A.  Hcrring  Shaw  and  H.  F.  V. 
Newtome.  Longmans,  Grvea  A  Co.  London,  1913. 
a«.  6d.  each  net. 

These  are  two  excellent  little  books 
of  scale  drawings,  designs  and  methods 
of  construction,  and  contain  examples 
of  what  may  be  taken  as  standards  of 
modem  requirements. 
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A  New  Destroyer. 

HM.S.  Haughty,  the  first  of  the 
•   four  torpedo  boat  destroyers 

of  the  1912-13  programme  be- 
ing built  for  the  British  Admiralty  by 
Jlessrs.  Yarrow  &  Co..  Ltd.,  Glasgow, 
-was  successfully  laundiedon  Monday, 
May  26th. 

"nic  Haw^liiy  is  260  feet  long,  with 
41  beam  of  _'7  feet  6  inches.    The  main 
engines  consist  of  Brown-Curtis  tur- 
bines, driving  two  shafts  transmitting 
•equal  powers,  one  propeller  being  fitted 
•on  each  shaft.    Steam  Is  supphcd  by 
three  of  the  latest  and  most  improved 
type  of  Yarrow  boilers,  each  of  which 
is  fitted  with  Yarrow  s  patent  feed 
heating   and   superheating  arrange- 
ments, and  designed  for  ouming  oil 
-fuel  exclusively. 

apacial  T— ting  Maehiaa  lor  tha  Iron 
and  Steal  ladvatries. 

TWO  interesting  machines  have  just 
been  installed  at  Messrs.  T.  I'irtli 
and  Sons,  Ltd.,  West  Green 
Works.  Sheffield,  to  provt^  certain 
specialities  wliich  they  produce,  a  short 
•oescription  of  which  may  be  of  interest. 
One  is  a  testing  machine  for  l)r tulin 
and  is  specially  designed  to  bend  mild 
-steel  or  wrought  iron  bars  i\  in.  square 
round  a  radius  of  |  inch  through  180 
•degrees,  but  s]X'cial  tools  can  be  pro- 
vided to  take  any  size  or  shape  bar 


up  to  a  maximum  diameter  of  i\  incli. 
The  structure  consists  of  a  cast  iron 
hydraulic  cylinder  and  ram,  which  has  a 
12  in.  stroke.  The  cyHnder  is  designed 
to  work  with  a  jjressure  of  ^-ton  per 
square  inch,  and  in  ordo*  to  carry  the 
crosshead.  four  mild  steel  columns  are 
secured  to  the  cylinder.  The  bending 
attachment  consists  of  a  plunger  and 
cast-iron  dogs,  the  dogs  are  attached 
to  the  ram  head,  while  the  plunger  is 
secured  to  the  cross  head.  At  the  front 
end  of  the  dogs  are  two  mild  Steel  rollers 
which  bend  the  specimen  round  the 
plunger. 

The  other  is  a  coupling  testing  ma- 
chine, which  has  been  designed  to 
test  couplings  for  2  it.  6  in.  to  4  ft. 
6  in.  in  length  up  to  a  capacity  of  30 
tons  in  tension.  This  macliine  consi>ts 
of  a  substantial  steel  bed  raised  from 
the  ^ound  and  suj^jxirted  on  strong 
cast  iron  legs.  At  one  end  of  the  bed 
is  a  cast  steel  hydraulic  cylinder  with  a 
cast  iron  ram  giving  a  stroke  of  I2  ins. 
The  cylinder  is  designed  to  exert  a  load 
of  30  tons  when  with  a  pressure  of 

iton  per  square  inch  on  the  cylinder, 
hydraulic  gauge  of  the  dial  ty\yc  is 
provided,  and  on  this  gauge  is  given  tlie 
actual  stress  on  the  coupUng,  from  o  to 
30  tons  by  readings  of  J -ton.  At  the 
other  end  of  the  bed  is  an  adjustable 
eve  held  by  a  cast  ^titl  frame  stay. 
The  adjustment  on  this  eye  together 
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with  the  12  inch  stroke  of  the  ram  makes 
provision  for  doahng  with  any  h'n]L;th  of 
couphng  from  2  ft.  6  in.  to  4  ft.  0  in. 
The  machines  were  tested  by  an  expert 
before  leaving  the  works  of  tlie  manufac- 
turers, Messrs.  \V.  and  T.  Avery,  Ltd., 
of  the  Solio  Foundry,  Birmingliam 

Passenger  Launch  for  South  America. 

THE  boat  of  whicli  a  i)hotograph 
is  shown  below  has   just  been 
shipjied  to  South  America,  and 
is  to  ply  between  two  ports  in  an  ojKn 
river. 

She  is  60  ft.  long  by  11  ft.  beam,  and 
is  built  of  L'ank  Teak,  of  heavy  section, 
tilt;  accommodation  being  split  up  into 
lirst  and  second  class  saloons.  The 
engines  consist  of  two  40  h.p.  4  cylinder 
"  Brooke  "  motors  with  heavy  type, 
single  lever  "  Brooke  "  Epicyclic  Re- 
verse Gear,  with  the  two  engines 
driving  left  and  right  hand  pro])ellers, 
well  protected  with  gunmetal  skegs. 
It  will  be  noted  that  the  control  and 
the  steering  is  carried  on  the  upper 
deck,  and  is  protected  by  a  mahogany 
dodger,  this  in  turn  carrying  an  awning 
for  use  in  the  hot  climate  for  which  the 
lM)at  is  intended.  The  lighting  of  this 
boat  is  effected  by  a  dynamo,  driven 
from  the  TX)rt  engine,  charging  accu- 
mulators tlirough  an  automatic  switch, 


above  which  is  fitted  a  small  switch- 
board. There  arc  14  lights  in  all, 
running  on  12  volts.  On  trial  the 
sptM'd  of  this  boat  was  just  over  1 1  knots 
and  after  completion  she  was  delivered 
to  London  Docks  under  her  own  iK)wcr 
from  Lowestoft,  meeting  bad  weather 
on  the  journey,  but  giving  an  excellent 
account  of  lierself. 

Marline  Spikes. 

By  a  new  ])at('nt<'tl  invention  a 
marline  spike  is  now  being  made  that 
is  a  decided  improvement  u])on  the 
usual  j)attern  of  which  we  see  so  many 
in  use.  This  new  ])attem  spike  is  far 
easier  to  work,  only  a  ipiarter  «>r  less 
of  the  time  now  being  taken  is  re(]uired, 
and  by  the  shape  and  careful  thought 
exjK'nded  upon  this  article,  it  can  be 
withdrawn  from  wire  or  hemp  rope 
within  a  few  M'Conds  after  the  strand 
has  been  put  through.  One  man  and  a 
vice  can  splice  the  largest  of  ropes 
quite  easily.  The  spikes  are  made  with 
a  harch'ned  ste<'l  noze  and  a  taper  shaft 
which  admits  of  easy  withdrawal.  The 
shank  for  two-thirds  the  way  up  is 
grooved  with  a  hollow  big  enough  to 
take  the  largest  strand,  and  after 
inst^rting  the  noze  through  the  rope,  the 
spike  is  pulled  forward  until  just  past 
the  groove,  and  the  strand  is  then 
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pushed  uj)  the  ^^Toove  and  through  the 
rope  and  tlic  spike  withdrawn. 

We  understand  the  price  is  no  more 
than  tin*  present  article,  and  is  made  of 
good  hardened  Shetheld  steel,  any  size 
and  width,  and  should  pay  for  itself 
within  six  months  in  neatness  and 
raiHdity  of  work. 


PlMUight  Signals. 

An  interesting  demonstration  of  the 
Aga  system  of  raih\aysi;^'nallin,!^'rer(  ntly 
took  place  at  Alexandra  I'ark.  The 
question  of  the  lighting  of  railway 
siifi'ils  has  not  received  the  attention 
which  such  a  subject  deserves,  and 
except  for  (juite  minor  improvements 
the  old  plan  of  lighting  by  t>il  lamjH  is 
still  Iart,'<'ly  adhered  to.  It  has  been 
found  necessary  in  the  scheme  of  block 
signalling  to  make  distant  signals  by 
day,  distinguishable  from  other  sii^nals, 
and  yet  during  darkness  when  sucli  a 
distinction  appears  to  be  more  neces- 
sary there  is  no  visible  difference.  This 
applies,  of  course,  more  particularly  to 
isolated  distant  signals,  for  there  arc 
distant  signals  so  located  as  to  be  as 
easily  recognised  by  ni.^ht      hy  day. 

The  need  for  adt>pting  means  of 
distinguishing  distant  signals  by  night 
is,  however.  recognis<'d  bv  many  h-ading 
railway  signal  engineers,  tlie  difiiculty 
arising  being  the  selection  of  a  really 
suitable  and  satisfactory  method. 

Among  the  many  methods,  one  of  the 
most  simple  so  tar  introduced,  and 
seemingly  the  uK^t  effective,  is  the 
"  Aga  "  Flash  Li^lit,  This  is  an  inven- 
tion adapted  from  tlie  mechanism  htted 
to  "  Aga  automatic  marine  signal 
lights,  and  it  can  b?  a])])!i"(l  to  any 
existing  railway  signal  without  inter- 
fering in  any  way  with  the  semaphore 
action.  Tt  will  cause  the  lantern  to 
emit  brilliant  flashes  of  light  at  a  regular 
rate,  and  the  dturation  of  light  and  dark 
intervals  can  be  adjusted  to  any  desired 
periodicity.  The  demonstration  of  tliis 
system  was  intended  to  i)rove  this 
and  so  far  as  it  went  the  results 
bore  out  th'.»  claim  of  the  makers,  the 
Gas  Accumulator  Co.  (United  King- 
dom), Ltd.,  of  London.  The  system  has. 
however,  h<  (  n  in  s<  rvire  now  for  s<*v<'ral 
years  in  unwatched  floating  lights  and 


despite  such  severe  conditions,  we  arc 
informed  that  its  record  had  been  per- 
fect. It  is  claimed,  therefore,  that 
in  the  same  way  a  railway  signal  litt< d 
with  the  "Aga  "  apparatus  can  1k>  left 
entirely  alone  for  weeks  with  absolute 
safety. 

The  illuminant  employed  in  tli" 
flashlight  a])paratus  is  dissolved  acety- 
lene, and  as  the  flashing  mechanism 
is  rather  iiii;  'iiious  we  give  herewith 
some  details  of  its  working,  wliich  will  be 
made  clear  by  reference  to  the  dia-. 
gram. 


DIAOKAK  tHOWINQ  AKIUMCBMENTS  OF  TNS  "  A04" 
VLASMft*. 


The  gas  from  the  accumulator  is  led 

through  a  needle  valve,  which  controls 
the  rate  of  flow,  and  passing  to  the 
flashes  distends  a  diaphragm  (11). 
When  this  diaphragm  has  been  dis- 
tended by  the  gas  to  a  certain  jioiiit  it 
exerts  a  downwaid  pressure  tlirout^h  the 
links  upon  the  valve  le\er  whu  h  is 
repr<  <ented  in  section.  This  valve  lever 
is  magnetized  to  a  certain  extent,  and  is 
hinged  upon  steel  points  (10)  at  one  end. 
The  other  end  covi  rs  the  exit  for  the  gas 
towards  the  main  burner.  As  soon  as 
the  pressure  which  the  gas  upon  the 
diaphragm  err  if.  ,  reaches  a  definate 
pitch,  this  vaUe  lever  is  pulled  away 
from  the  gas  exit,  and  the  g;is  contained 
inside  the  diaphragm  is  free  to  escape 
to  the  main  burner  and  will  continue 
to  escajjc  until  the  diaphragm  returns 
to  its  normal  position,  when  the  valve 
lever  will  immediately  cl«)se  the  e.xit, 
and  thereby  cut  off  the  gas  supply  to 
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the  burner.  The  moment  this  occurs 
the  gas  flowing  into  the  diapliragm 
again  begins  to  distend  in  the  dia- 
phragm and  the  same  cycle  of  operations 
is  repeated.  The  result  of  tlie  valve 
lever  being  magnetized  is  that  the 
pulling  away  from  the  gas  exit  is  made 
extremely  quickly,  and  the  closing  of 
the  exit  is  also  made  in  the  same 
manner  with  the  result  that  the  light 
])eriod  is  defined  by  extreme  sharjiness. 
The  needle  valve  previously  referred  to 
as  controlling  the  inflow  of  gas  controls 
the  length  of  the  dark  period  as  will 
be  seen.  By  means  of  the  lever  15 
the  projection  of  the  screw  through  the 
centre  of  the  diaphragm,  to  which  this 
lever  is  connected,  is  adjustable  within 
certain  small  limits.  The  movement  of 
the  lever  15,  therefore,  influences  the 
amount  of  idle  stroke  of  the  diai)lu'agm 
which  is  the  same  thing  as  influencing 
the  point  at  wliich  the  gas  is 
discharged  to  the  burner.  Adjustment 
of  this  screw  controls  the  length  of  the 
liglit  period  in  relation  to  the  dark 
jx*riod,  and  also,  once  these  proportions 
are  fixed,  fixes  the  number  of  com- 
plete periods  occurring  in  unit 
time.  It  remains  to  be  added  that  a 
pilot  flame  is  constantly  burning,  so 
that  the  intermittent  discharges  of  gas 
through  the  main  burner  are  ignited 
as  soon  as  they  reach  the  burner  outlet. 


The  sjx'^'d  of  ignition  of  acetylene  gas 
enables  one  to  reap  the  full  bt>nelits  of 
the  ingenious  means  employed  to  make 
the  movement  of  the  main  valve 
sharp  and  instantaneous.  The  gas  for 
the  pilot  burner  is  conveyed  through  a 
by-])ass  indicated  by  letter  5,  and  the 
pilot  burner  is  so  arranged  to  come 
right  in  the  centre  of  the  main  burner, 
and  not  to  intrude  upon  the  local  centre 
of  the  main  flame. 

Among  the  special  advantages 
claimed  for  this  system  are  that  it 
imparts  an  unmistakeable  character 
to  the  signals  to  which  it  is  fitted, 
that  it  is  al>solutely  reliable,  and  will 
work  for  months  without  attention, 
that  it  can  be  readily  applied  to  any 
existing  signal,  and  that  it  is  always 
available  in  case  of  sudden  darkness  or 
fog — an  important  ]K>int  in  itself. 

It  certainly  represents  a  distinct 
advance  in  this  branch  of  railway  signal 
engineering. 


Twin  Screw  Motor  Cargo  Vessel, 
"El  Lobito." 

The  vessel  we  illustrate  above  is 
intended  for  coasting  work,  doing 
moderate  fli?;tance  voyapes  alonp  fhc 
coast  of  Peru  carryiuf.'  50  tons  (maxi- 
mum) of  cargo,  which  will  consist  of 
cast  iron  pipe  line.  She  recently  com- 
pleted lier  trials  with  a  company  of 
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cn.^incers  and  Admiralty  offici.ils  on 
board.  The  hull  has  been  built  on  the 
oomptosite  system,  having  teak  plank« 
ing  on  galvanisfd  steel  framing,  and  has 
been  built  (hull  and  machinery)  imder 
Lloyds  supervision  throughout ;  decks 
are  of  Kauri  pine. 

The  motors  are  located  in  separate 
watertight  compartment  between  cargo 
hold  and  after  accommodation  ,  at 
after  end  of  motor  space  arc  fuel  tanks 
of  six  tons  capacity  or  paraihn.  The 
top  tank  is  used  to  give  f^vity  lead  to 
the  motors,  fuel  being  ptimpod  up  from 
other  tanks  by  a  semi  rotary  pump. 
For  working  cargo  an  electric  and 
hand  winch  has  been  fittetl  on  upper 
deck  forward,  capable  of  lifting  up  to  2 
tons.  Current  is  obtained  from  electric 
dynamo  fitted  in  motor  room.  A 
strong  pitch  pine  derrick  is  fitted  to 
foremast  for  running  cargo. 

To  add  to  the  appearance  of  vessel, 
and  for  facilitating  the  exhaust  leads  a 
funnel  has  been  fitted  abaft  bridge. 
This  arrangement  has  been  found  to  lx> 
the  most  satisfactory  as  it  not  only 
simplifies  the  exhaust  arrangements  by 
putting  the  silencer  in  funnel,  but 
ventilates  the  motor  room,  and  also 
keeps  the  heat  well  away  from  that 
compartment. 

The  vessel  is  steered  from  the  bridge 
by  means  of  Archer  's  patent  hand  steer- 
ing gear,  and  is  also  fitted  with  hand 
capstan  forward  for  working  ships' 
cables. 

The  machinery  consists  of  two  sets  of 
Messrs.  Thomycroft's  S  4  type  paraffin 
engines,  having  four  cylimlcrs  81  in. 
diam.  by  12  in.  stroke,  and  develop- 
ing 100  h.p.  on  the  brake  at  550 
rrvolntions  per  minute.  In  point  of 
fact  in  this  vessel  a  speed  of  k  knot  over 
the  8}  knots  guaranteed  was  obtained 
with  the  engines  running  at  470  revo 
lutions  per  minute,  and  consequently 
the  speed  was  obtained  without  unduly 
forcing  the  machinery.  As  is  \v<  li- 
known,  paraffin  eticrincs  give  best 
economy  at  about  |  full  jjowlt,  and  this 
is  borne  out  in  the  case  of  this  vessel, 
her  consumption  of  furl  being  about 
iS  gallons  per  hour  at  about  8^  knots. 
An  auxiliary  set  is  provided  for  driving 
an  electric  light  engine,  and  an  auxiliary' 
air  coropressoi.  This  last  is  only  a 


standby,  as  there  is  a  small  compressor 
on  each  main  engine,  for  charging  the 
bottles,  and  it  is  tmly  in  the  unlikely 
cv(>nt  of  air  leaking  away  when  the  boat 
is  laid  up  that  the  auxiliary  compressor 
is  required.  Reversing  is  obtained  by 
an  epirulir  reversing  gear,  fitted  at 
the  after  entl  of  the  engine. 

El  Lobito  is  capable  of  making  the 
voyage  out  to  Lobitos,  Peru — a  distance 
of  10,135  miles — under  her  own  power. 
Ample  fuel  is  easily  carried  for  the 
longest  run  on  this  voyage  at  full  speed, 
without  utilising  the  sails.  It  is  not<'- 
worthy  that  the  fuel  consumption  at 
8  knots  (obtained  with  one  engine  only) 
is  only  8  or  g  of  a  ton  per  day,  giving  a 
radius  of  action  on  50  tons  of  over 
10,000  miles. 

She  was  built  for  the  Lobitos  Oil- 
fields, Ltd.,  by  John  L  Thomycroft 
&  Co..  Ltd.,  of  Southampton. 


M  S.  «•  Pordonian." 

We  are  informed  that  the  M.S.  For- 
dunian,  fitted  with  engines  built  by 
Messrs.  Carel  Freres,  of  Ghent,  has  suc- 
cessfully completed  her  maiden  voyage  to 
Sydney,  Cape  Breton.  No  stops  of  any 
kind  ocairrcd,  a  testimtmy  to  the  satis- 
factory  working  of  her  engines. 


Chain  v.  Belt  Drives. 

An  interesting  test  was  recently 

carried  out  to  compare  the  comparati\  e 
efficiencies  of  belt  and  cliain  drivmg. 
The  test  was  undertaken  by  Messrs. 
Hans  Renold,  Ltd.  (the  driWng  chain 
manufacturers),  of  >lanchester. 

Some  little  time  ago  the  increase  of 
their  business  necessitated  the  installa- 
tion of  two  new  No.  6  Brown  and 
Sharpc  automatic  gear  -  cutting  ma- 
chines. These  machines  are  supplied 
by  the  makers  with  belt  drive,  and  one 
was  accordingly  set  to  work  as  received, 
the  other  being  fitted  for  a  chain  drive. 
The  two  machines  w«^  ab8olutel\- 
identical,  and  so  provided  an  excellent 
opportunity  for  investigating  the  rela- 
tive values  of  the  two  types  of  drive. 
Two  tests  were  undertaken  ;  tli<'  first 
in  order  to  obtain  the  highest  possible 
production ;  the  second,  whilst  obtaining 
as  nearly  as  possible  the  same  produc- 
tion, to  measure  the  power  required. 
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M\CHINC  COS'VeRTCO  TO  CHAIN'  liHIVK. 


The  results  of  the  two  tests  arc  given 
below  in  tabular  form  : — 

TEST  1— TO  OBTAIN  HIGHEST  PRODUCTION. 


Bfll-nrivrn 
Machine. 


Highr't  feed 

..  .i]  ill.  |UT  min. 
Wi'iRhl  oi  nirt- 

.il  r»'mi>viil  i"fj<)  lb.  |irr  mill. 
Tower  ah- 

j,..fbo<l       ..  8  3  H.I', 


Prnitiirtion 
K.iiio 


100 

|r>o 


Chain  Driven 
Machine. 


5j  in.  per  min. 
:  '68  lbs.  per  mill, 
0  1  H.P. 


Xftn 
tto 


TKST  J,~TO  MH.XSI  RH  THK  POWKK  KT 
KQir.*L  PRODtCTION. 


HiRhrst     ffpil       P""''  I'rivrn  Ch.iiii  l>riv<'ii 

P<i  -  <,  I  h  1 1-  hii««-.  Mj<  hiiK-. 

"huh    Urll  _    _  ..  _ 

M  .1  ■-  h  i  II  I' 

allow  3J  In.  per  mm.       j}  in.  iter  niiri. 
Welch t       o  t 

liiiHl  re- 

inoveJ       ..  lb-4.  per  min.    i*7J3  Ih^.  per  min. 

Power  ab- 

viibcil      , S-3  H.P.  71  H  P. 


Prixliieliou 

K.itio 
Pdwit  Ratio 


IPO 

xoo 


104 


In  these  tests,  therefore,  the  chain- 
driven  macliine  gave  (>o  piT  cent,  more 


out])ut  for  10  per  cent,  more  ]X)W(  r,  and 
on  the  other  hand  required  14!  per 
cent,  less  })ower  at  an  e(iual  output. 

It  is  claimed,  too,  tliat  there  is  a  larj^o 
reduction  in  the  cost  of  tools  on  chain- 
driven  machines  since  the  cutters  last 
longer  and  re<juire  less  grinding  :  more- 
over, as  ciiains  are  narrower  than  Ix^lts.an 
economy  of  light  is  also  effected,  whilst 
the  ])rimc  Cost  is  practically  the  same  for 
both. 

The  pniblem  of  the  most  efficient 
drive  is.  of  course,  a  most  im]>ortant 
one,  and  any  facts  tending  to  its  s(»lu- 
titm  are  alwavs  valuable. 


A  New  Large  Capacity  Lathe. 

THli  tool  illustrated  on  ne.xt  page 
has  been  designed  six'cially 
t«)  met't  the  requircnu*nts  of 
Colonial  users  and  is  tlie  outcome  of 
careful  investigation  by  one  of  the 
directors  of  Messrs.  Drummond  Bros. 
Ltd.,  the  makers.  wlu»  ]>rrsonally. 
visited  the  Colonies  for  tliis  ])Urpose. 

This  lathe,  thougli  rat<>d  as  a  q  in. 
centre,  will  tak<-  work  whm  required 
tiiat  would  in  the  ordinary  way  b<- 
allotted  to  a  lathe  of  about  doubh' 
this  rating  or  about  1.5  in.  Cv-ntre. 
In  llie  Colonies  very  lorg  jobs  fre- 
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SHIPBUILDING  AND  MANUFACTURING  NEWS 


qucntly  come  in  wliich  liavc  to  be 
managed  somehow.  For  instance,  the 
repair  of  artesian  well  and  other 
boring  tubes  has  often  to  be  under- 
taken, and  for  tliis  purpose  an  ab- 
normally large  hole  is  arranged  through 


other  points  are  well  worth  the  con- 
sideration of  Colonial  customers,  wlio 
will  find  that  this  lathe  has  the  largest 
capacity  for  its  size  of  any  machine 
on  the  market.  It  is,  moreover, 
simple  in  its  design  and  needs  no  special 


TUB  New  COLONIAL  TYfB  lATIIC.  9  IK.    CKNTRS  AND  4  rr.    BED.     ALTHOUGH  fKOWN  HSRE  WITH  BELT 
OmVEN  fEEO,  THE  LATHE  IS  SOW  riTTCD  WITH  CCAK  DRIVE  AND  THRKE  SPEED  CSAR  DOX.      MANUrACTlTRE  b 
BY  MESSRS.  ORL'MMOKO  BROS.,  LTD.,  OF  WORPLESUON,  NEAR  Cl.'ILDFORO,  5URREV. 


the  spindle  which  will  take  an  ordinary 
well  tulx\  and  it  is  arranged  to  take 
a  simple  taper  guiding  device  to  render 
easy  the  cutting  of  the  usual  taper 
tlu-ead  on  well  tubes.  The  lathe  is 
made  with  a  gap  bed,  but  it  is  easily 
powerful  enough  to  turn  any  work 
that  can  be  got  into  it,  and  the  cross 
slide  is  long  enough  to  face  any  such 
work  at  one  setting.    These  and  several 


skill  to  work  it.  The  tailstock  is 
fitted  with  a  new  patented  device  by 
which  the  actif)n  of  locking  down  brings 
the  head  hard  uj)  to  its  lateral  guide 
thus  ensuring  jx-rfcct  accuracy.  There 
are  many  other  special  features  of 
design  which  want  of  s}>ace  alone 
prevents  our  mentioning,  but  the 
makers  will  be  glad  to  supply  a  detailed 
specification  to  all  interested. 


NEW  CATALOGUES 


Pump  Buckets 

The  X.P.  Pump  Bucket  was  intro- 
duced to  supply  the  demand  for  a 
piston  that  w(njlfl  withstand  high 
temperatures  and  nducc  slip.  That 
it  has  accomplished  these  obj^'Cts  s<  ems 
to  be  demonstrated  by  the  list  of  well- 
known  and  satisfied  usi-rs  given  in  the 
lKX)klct  just  issued  by  the  N.P.  Pump 
Bucket  Co.,  of  ii,  Oueen  Victoria 
Street,  Lontlon.  Some  further  advan- 
tages claimed  are  that  these  buckets  will 


e.xpand  as  they  wear  and  exert  a 
uniform  pressure  all  roun<l  the  liners; 
that  there  is  no  unnecessary  friction 
when  the  pump  is  usctl  for  high  f»r  low 
duty,  this  being  automatically  adjusted 
by  pressure,  and  it  is  simplicity  itself 
with  no  complicated  spring  devices  to 
get  out  of  order. 

Packing. 

The  various  brands  of  the  well- 
known   "  Lion  "    packings   are  fully 
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dealt  with  and  illustrated  in  a  booklet 
we  have  just  rri  (  iwtl  from  James 
Walker  &  Co.,  Ltd..  ot  West  India  Dock 
Road,  London.  Rock  drill,  hydraulic, 
steam  and  canvas  hose.  Balata  belting, 
"  WalHeo  "  boiler  covenng,  graphite 
grease-bricks,  sheet  jointnig.  etc.,  are 
also  Included,  and  the  wide  range  of  this 
firm's  productions  are  well  exemplified. 
The  list  is  well  arranged  and  makes  the 
selection  of  a  suitable  packing  or  any 
other  article  n  [uired  a  matter  of 
comparative  simplicity. 

Concrete  Construction. 

One  of  the  most  striking  develop- 
ments in  concrete  construction  is  appa- 
rently shown  by  the  new  Vibrocel 
system  if  all  the  advantages  claimed 
aire  realised.  Certainly  the  tests 
already  carried  out,  and  results  achieved 
seem  to  support  the  claims  made. 
The  defects  of  unvihrated  concrete  are 
very  marked,  and  are  obvious  on  all 
sides.  Vibrocel  is  a  vibrated  concrete, 
with  the  additional  advantage  that  it 
can  be  vibrated  in  silu  if  necessary. 
The  new  system  is,  of  course,  suitable 
for  all  purposes,  hut  more  especially  for 
sea  walls,  harbour  works,  land  reclama- 
tion, etc.  The  blocks  can  be  floated  out 
and  sunk  in  anv  desired  position,  and 
owing  to  the  fact  that  they  can  then  be 
filled  with  cheap  materials,  the  cost  is 
very  much  less  than  any  existing 
s\stem.  Some  very  striking  com- 
parisons are  given  in  this  connection 
as  well  as  a  full  description  of  the 
system  in  an  illu'^trated  booklet  issued 
by  the  Vibrocel  Co.,  Ltd..  of  Eklon 
Street  House,  London,  E.G. 

Spur  Reducing  Gear. 

The  advantages  of  Double  Helical 

Gearing  are  fully  set  loitli  in  a  list 
just  issued  by  Davi'l  Brown  iS:  Sons 
(Hudd.),  Ltd.,  of  Lockwood,  IhuUlers- 
field.  It  is  stated  that  the  ad\  antag<  is 
most  apparent  when  used  forhif.'h  speed 
work  and  it  is  claimed  that  shock  is 
entirely  eliminated.  It  is  pointed  out 
too,  that  with  helical  gear  the  load  can 
be  distributed  over  as  many  teeth  as 
necessary  by  simply  varj'ing  the  face 
width,  or  alternately  by  increasing  the 
angle  of  the  teeth.  The  mounting  of 
gears  is  dealt  with,  and  the  importance 


of  good  substantial  braring<;  as  close  as 
p()ssible  to  the  gears  is  emphasised. 

The  timi  makes  a  complete  range  of 
standard  ca.ses  to  tran-mit  any  h.p.. 
to  accommodate  any  reduction,  and  to 
run  at  any  sjieed.  The  list  is  well  illus- 
trated and  contains  much  interesting 
matter. 


Marine  Motors. 

Heavy  oil  engines  of  the  marine  type 
are  fully  dealt  with  in  a  new  booklet 

issued  by  Scotts'  Shipbuilding  and 
Engineering  Co.,  Ltd.,  of  Greenock. 
Diesel  engmes,  up  to  1,500  H.P..  are 
listed,  as  well  as  lighter  and  auxiliary 
engines,  and  the  various  uses  of  the  fast 
and  slow  running  types  explained. 
This  company  are  licensees  for  the 
F.L.A.T.  engines,  and  their  jjroductions 
are  certainly  equal  to  any  Diesel  engine 
produced  on  the  Continent. 


Metal  Working  Machines. 

The  Berlin  firm  of  Keiss  and 
.Martin  A.  G.,  makers  of  power  presses 
and  tools  of  all  kinds  for  sheet-metal 
working,  have  sent  us  an  Hnghsh 
abridgment  of  their. catalogue,  contain- 
ing a  selection  of  their  i)resses  and  tools 
suitable  for  the  iJirmingham  trades. 

Their  sole  agents  for  the  Midland 
Counties  and  South  Wales  are  Messrs. 
\V.  1).  Wandhrough,  Skelsey  and 
Giinther,  of  73-74,  li.vchange  Buildings, 
Birmingham,  and  Gordon  Chambers, 
',1,  Oueen  Street.  Cardiff,  who  will  be 
pleased  to  send  catalogues  or  to  deal 
with  any  enquiries  from  our  readers. 

Centrifugal  Pumps. 

We  lia\'e  received  from  Messrs. 
Boving  &  Co.,  Ltd.,  a  booklet  illustra- 
tive of  their  \ictoiia  Turbo  pumps. 
Photographs  of  interesting  installations 
and  full  data  are  given,  and  one  section  is 
devoted  to  Diesel  driven  pumping 

plant.   

Ball  Bearings. 

The  Skefko  Ball  Bearing  Co..  Ltd.. 

of  Luton,  have  sent  us  an  exceptionally 
well-designed  list  of  their  various  types 
of  bearings.   The  advantages  claimed 

are  lucidlv  set  forth,  and  tlieir  applica- 
tion to  all  branches  of  engineering 
clearly  illustrated. 


I-  H.tll  l!r<i«  II  ')l  .  .  .iir-i  ,  u  1  II  I-  !!■  n\  ri  iii  >hi i>piiig 
cirrlri.,  and  ha-N  jiist  loniiilclnl  hi->  lir^l  v<-.ir  .i-^  Ki'iicr.!! 
mmger  of  ihr  MiddWlNmiiili  works  of  Messrs. 
Rkhardson.  WoiKarlh  and  Co..  HA..  havhiK  brrn 
appointed  to  that  po'.ltioii  nn  ihr  r<  v>i^'M.ii:r>\i  <>(  Mr. 
Tom  Wfiljtrtrth.  Ill  Jiiiv,  |.;t.v  II.  u  .1- .  -itrrl  at 
St.  Paur>  Italloiir  Srhooj  anil  Ami- tmiii  v  tc.llcK.-. 
(■I.i>({i>«  Adrr  -1  rviiiK  with  Miv^r^  lluw.  KhImkI- 
N»n  aii'l  S<iri,  llarllrpool,  as  ihii-t  <il  Ihcir  M  u  ntihc 
'iFparlinritt  hi*  started  at  a  manufacturer  of  niariiit; 
«n<l  lanti  riiKinrt  in  Govan,  nUsKovv.  un<l«-r  the  style 
of  Hall-Urowii,  Huiirrv  and  Co.,  in  ih.).-,  and  then 
became  ansociatrd  as  a  partner  with  A  Koffer  and 
C«i,.  »hi|il>iiiM>T>,  o(  I'nrt  (;ia>(;<>«  .iii'l  (ixvaii. 

He  rr<  si<|riit  i)(  the  liisliliitc  <i(  I  ii<-<  r~  .mil 
Shipbiiildr-rs  inSi  ntlaiid,  Mrmbcr  ol  tho  lii'>tiliil<T>  of 
Civil  Fnginrert,  Mrchaiiiial  Engineers  and  Naval 
Arcliilrct!>,  as  well  as  a  member  of  the  X.E.  Coast 
iMtilution  of  Engineer*  and  SUphnildm,  and  of  the 
ItMtitnte  o(  MeUh. 
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RECENT  BRITISH  LOCOMOTIVE  PRACTICE 

By  Mauiicc  D.  Sargcant 


QUITE  the  most  noteworthy 
feature  of  Utcomotivc  engineer- 
ing in  this  country  at  the  presient 
time  is  the  widespread  adoption  of 
superheated  steam  in  all  classes  of 
engines  designed  fr)r  everv  variet\-  of 
service,  in  fact  it  1--  ahno^t  impos-^ihle 
to  refer  to  any  leading  l^ritish  railway 
now  c)ii  \vhi<  h  supcrhenleJ  steam  is 
nut  in  partial  or  extended  use  in 
express  or  other  services.  English 
loeomoti\  e  <  ni^ineers  hav^c  in  the  past 
been  criticised  for  their  scepticism 
anent  the  claims  of  compounainf?  as 
a  means  of  enhancing  locomotive 
eflFiriency  ;  if  this  is  so,  however,  they 
have  made  ample  amends  in  the  recep- 
tion accorded  to  superheating  in  the 
same  connection,  as  it  is  rapidly  becom- 
ing standard  practice  for  all  new 
construction. 

The  average  economies  result  in;:; 
from  the  use  of  superheated  steam  m 
locomotives  are  undoubtedly  greater 
than  any  attained  by  the  various 
systems  of  compoun<ling  tried  on 
English  railways,  for  the  troubles 
dlie  to  lubrication,  and  excessive 
wear  of  piston  and  valve  rods,  gland 
packings,  etc..  have  now  been  entirely 
eliminated  as  a  result  f)f  the  adoption 
of  forced  feed  lubrication  in  conjunc- 


tion with  improved  design  of  stuffing 
boxes,  glands,  etc.  iMoreovcr,  the 
use  of  piston  valves  in  which  the 
expansion  stresses  due  to  the  steam 
temperatures  cmploM  d  in  many 
cas(>s  exc(>ediiig  ^150^  Fall  Iiave  been 
carefully  considered  and  provided  for, 
has  removed  all  valid  objections  to 
the  use  of  high  superheat  under  the 
onerous  conditions  of  locomotive 
service. 

The  remarkable  -  ir  <  ( -^^  of  super- 
heating in  tiiis  country  is  ncvcrtlielcss 
somewhat  striking  in  view  of  the  very 
qualified  results  attained  with  com- 
pounding, in  fact,  the  writer  believes 
it  no  exaggeration  to  say  that  the  only 
English  compounds  which  have  given 
results  commercially  justifiable  are 
the  Smith  3-cylinder  engines  of  the 
Midland  Railway,  and  it  is  interest- 
ipl;  to  note  that  even  on  this  line  non- 
compound  superheater  locomotives  are 
stated  to  show  greater  relative  economy 
than  compounds  on  similar  services. 
With  compound  locomotives  indepen- 
dent adjustment  of  cut  off  in  the  high 
and  low  pressure  cyttndors  is  imix  ra- 
tive  if  maximum  economy  is  to  be 
attained,  and  even  then  in  practice 
it  is  extremely  diflkult  to  secure 
economical    distribution    of  power 
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4-6-0  EXPRESS  LocoiiOTi«'i: ,  «iK}  at  CI  mkal  r  \ri.u  av 

Hint  uh<  iiAvir 

between  the  cylinde  rs  without  frequent 
separate  adjustments  of  the  cut  ofts 
to  suit  the  constant  variations  of  load- 
ing characteristic  of  locomotive  opera- 
tion, which  adjustment  in  the  hands 
of  the  engineman  may,  or  may  not. 
be  efficiently  utilised,  explaining  in 
some  measure  the  discrepancies  be- 
tween fuel  economics  obtainetl  on 
special  test  runs  and  in  the  course  of 
every  day  working.  With  supcrlieat- 
ing  the  "  human  element  "  is  elimi- 
nated, a  net  economy  in  many  cases 
much  superior  to  that  of  compound- 


Al.   I M.tM  I  K. 


K'<|il\«OS,   V.IN^l  r.V  .. 


ing  is  obtaint<l,  while  the  additional 
cost  and  complication  is  small.  Even 
where  runs  are  short  and  stops  frequent 
with  a  consecjuent  lower  mean  super- 
heat than  in  express  work  with  more 
continuous  regulator  opening,  the 
econnmies  obtained  are  sutVicient  to 
justify  the  equipment  with  super- 
heaters of  large  numbers  of  tank 
engines  constructed  for  goods,  suburban 
passcngi  r,  antl  other  similar  services. 

The  maintenance  of  superheater 
loccmotivt  s  is  not  so  costly  as  that  of 
comi.<'iinds,  and  on  one  leading  English 
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railway  it  is  said  to  amount  to  no  more 
than  for  non-superheater  engines, 
^irtlilcany  inrreaso  on  this  score  is 
generally  effectively  counterbalanced 
by  the  increased  haulage  capacity  of 
locomotives  so  eimippcLl  Marked 
difference  of  opinion  still  prevails 
amongst  engineers  as  to  whether  the 
economies  obtained  by  supcrheatine; 
should  be  credited  to  increased  boiler 
or  cylinder  eHiciency,  and  it  woukl 
certainly  appear  that  in  the  lifjht  of 
recent  research  into  the  liehaviour 
of  highly  superheated  steam  in  the 
cylinders  of  locomotives,  some  modi- 
ficatir)ns  of  wiili  lv  accepted  ideas  on 
the  subject  of  the  effect  of  superheating 
on  cylinder  condensation  may  be 
necessary.  The  evidence  ad(hic(<l  <iii 
these  points,  however,  is  of  a  very 
conflicting  nature,  though  there  is 
almost  complete  unanimity  of  opinion 

DIMBNSIOMS  OF  RECENT 


strated.  This  is  undoubtedly  the 
factor  responsible  for  the  adoption  of 

the  4-6  o  flcsif^'n  for  ne  arly  all 
heavy  express  work,  and  only  the  Great 
Northern.  North  Eastern,  North 
British,  and  T-ondon,  Brighton  and 
So\ith  Coast  Railways  adhere  to  the 
t  I  2  type  for  this  class  of  traffic 
now.  For  similar  reaaoos  for  dealing 
with  heavy  goods  and  mineral  trains 
the  8-coupled  engine  is  supplantinc 
on  many  lines,  the  standard  D-coupled 
design  which  was  for  so  long  the 
standard  type  for  this  work,  and  in 
goods  service,  as  with  express,  super- 
heating is  being  adopted  with  every 
success. 

To  permit  of  ready  comparison  of 

tlie  proportions  of  the  locomotives 
treated  in  this  article  the  writer 
submits  the  accompanying  table, 
giving  particulars  of  cylinders,  wheel 

BRITISH  LOCOMOTIVBS. 


Railway. 

Wheel 

Ar- 
raiiK<- 
inent. 

Cvliiidcrs. 
Uia.  Stroke 

WherU. 
Diamel'T. 
Lcatliiig. 

Coaplctl. 

A.1- 
hf..iori 
Weight. 

Total 
Weight. 

Heattng  Surface*. 
Super-  Fire- 
TubM.  heater,  box. 

Grate 
Area. 

iteani 
Press. 

Total 

Weight  cl 
Krigine  ft 
Tender. 

ft.  in.  tt.in. 

T.  Cwt. 

T.  Cwt. 

Tone.  Cwt. 

Gt.  Central 

Railway 

J  6    6  i> 

56  10 

75  5 

221a  440 

x«7 

160 

122  11 

Ditto 

at  3b 

J  6    4  « 

6j  0 

72  In 

3i« 

133 

26 

tdo 

118  13 

Gi.  Norlh'n 

Rail  W.I  y 

2.fi-f» 

3  8    S  • 

51  »4 

61  14 

9S1  301*8 

«37 

*4'5 

170 

104  I A 

N.  K.ntcrii 

Railw.iv 

4-4-: 

^  7\  0  10 

,'i  17 

I7'|''''J    MO  « 

180 

^7 

lf>r> 

J.'.'  « 

Ditto 

40  0 

ao  26 

5.1  <• 

70  14 

l"77       544  « 

«44 

ii 

tbo 

III  lb 

GI.  We«t. 

Railway 

4  6-t» 

14)  I4l  S6 

3  i    b  n 

5S  » 

75  «i 

15994  287 

155 

»7 

225 

IIS  l< 

Gt.  Ka..tfTii 

Railway 

4-6-0 

3a  28 

3  3    6  * 

44  0 

64  0 

1489*1  a86*4 

«43'S 

»6*3 

180 

los  5 

L.  ft  N.  W. 

(4)  i«  a6 

Railway 

4  •6^ 

S  3    6  9 

59  0 

77  IS 

i647'a  4i3« 

lyi's 

SO'5 

»7S 

1(7  0 

as  to  the  undoubted  economies 
derivable  from  superheating  in  loco- 
motive practice. 

Perhaps  after  superheating  the  most 
striking  feature  of  recent  practice  is 
the  gradual  displacement  of  the 
4-4-2,  or  "  Atlantic  "  type  of 
express  engine,  for  the  heaviest  and 
fastest  work  by  the  4-6-0  design. 
In  an  articU-  hv  Mr.  J.  ¥.  Mcintosh, 
of  the  Caledonian  Railway,  which 
appeared  in  C.assier's  Magazine  some 

three  vears  ago,  the  (piestinn  of 
the  superiority  of  this  type  of  engine 
over  the  4  4-2  was  dealt  with  at 
some  length,  and  the  drfii  iency  of  the 
latter  in  adhesion  weight  in  proportion 
to  total  weight  was  amply  demon- 


diameters,  heating  and  superheating 
surfaces,  weights,  etc. 

One  of  the  latest  and  most  powerful 
4-6-0  designs  is  the  423  class  on 
the  Great  Central  Railway  just  turned 
out  from  their  Gorton  shops  from  the 
designs  of  Mr.  J.  ("i.  Robinson,  M.I.C.E., 
the  company's  chief  mechanical 
engineer.  These  locomotives  are  some 
30"',,  more  powerful  than  the  4-4-2, 
or  earlier  classes  of  4-6-0  engines, 
possessed  by  this  company,  and  they 
are  built  to  the  extreme  limits  of  the 
loading  ^auge,  while  as  far  as  jxtssibie 
all  details  conform  to  the  standard 
practice  of  the  line.  .\  noteworthy 
feature  is  the  return  to  the  inside 
position  for  the  cylinders,  previous 
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practice  for  express  locomotives  over 
a  period  of  some  eight  years  on  this 
lin<'  linvinij;  favoured  the  outride 
position.  Many  advantages  are  to  be 
gained,  however,  in  placing  the  cylinders 
inside  the  frames,  as  not  only  is 
balancing  facilitated,  making  a 
smoother  running  engine  less  destruc- 
tive to  the  permanent  way.  but 
cyhnder  radiation  losses  owing  to  the 
greater  protection  of  the  cylinders 
are  reduced,  while  the  castings  them- 
selves form  a  useful  constructional 
stay  between  the  frames.  A  some- 
what short  connecting  rod  is,  however, 
unavoidable  as  the  drive  must  be  on 
the  front  coupled  axle — in  this  case 
the  rods  are  6  ft.  6  in.  centres,  and 
have  marine  type  big  ends.  Piston 
valves  10  in.  diameter  having  inside 
admission,  distribute  the  steam  supply, 
being  actuated  by  link  motion  through 
rocking  shafts,  the  reversing  gear  being 
of  the  screw  type.  Robinson's  pres- 
sure relief  valves  are  fitted  to  the 
cylinders  wliicli  open  nntomMticallv 
when  the  regulator  is  closed,  allowuig 
air  to  enter  and  escape  from  the 
cylinders,  thus  prrvciiiini,'  a  vacuum 
forming  behind  the  piston,  and  obvi- 
ating compression  on  the  return 
stroke.  Pnimding  in  the  cylinders 
when  coasting  is  entirely  eliminated 
by  the  use  of  these  valves  and  freer 
running  is  obtained,  whilst  when  steam 
is  on,  the  valves  open  if  the  cylinder 
{vessure  exceeds  that  in  the  valve 
chest,  so  preventing  excessive  com- 
pressjnn,  and  providing  good  drainage 
facilities.  The  adhesion  weight  of 
56  tons  10  cwt.  is  very  ample,  and  the 
engines  should  be  cnabkHl  to  readily 
accelerate  the  heaviest  expresses.  The 
chief  interest  of  the  design,  however, 
is  the  powerful  steam  generator  pro- 
vided, whicli  is  5  ft.  0  in.  diam.  out- 
side, 17  ft.  3  in.  long,  being  pitched 
8  ft.  II  in.  centre  from  rail  level,  and 
having  a  Belpaire  fin  liox  8  ft.  0  in.  in 
length,  the  total  heating  surface  being 
2,Si7  sq.  ft.,  iiK  hisive  of  a  Robinson 
patent  smoke  tube  superheater  of  4.^0 
S(j.  ft.  This  type  of  superheater  is 
now  standard  on  the  Great  Central, 
and  is  beint:  adopted  by  other  of  the 
leading  companies,  its  principal  feature 
being  the  elimination  of  special  joints 


where  the  steam  elements  enter  the 
headers,  they  being  directly  expanded 
therein.  Contrary  to  \isual  practice 
no  dampers  are  used  for  the  supei- 
heater,  a  draught  retarder  consisting 
of  a  small  steam  jet  to  each  element 
being  connected  to  the  blower  pipe, 
which  jet  serves  to  retard  the  draught 
through  the  superheater  smoke  tubes 
when  the  blower  is  on,  and  thus  pre- 
vents overheating  of  the  elements 
when  there  is  no  steam  in '  them. 
This  superheater  maintains  a  ^otal 
temperature  in  the  superheater  header 
of  640-650  Fah.,  under  express  condi- 
tions. The  journal  areas  are  very 
ample,  being  for  the  crankpins 
in.  diam.  by  5  in.  long,  and  for  the 
dri\'ing  axle  boxes  (j  in.  by  f)  in.  A 
io|m.m.  exhaust  steam  injector  is 
provided  on  one  side  of  the  engine  and 
a  10  m.m.  live  steam  injector  on  the 
other  ;  a  Wakefield  oil  pump  provides 
forced  lubrication  to  the  cylinders, 
valves,  etc. 

This  company  have  also  recently 
introduced  some  very  large  and  power- 
ful 2-8-0  mineral  locomotives  to 
deal  with  their  heavv  mineral  traffic 
to  the  new  Immingham  Docks.  These 
engines  have  outside  cylinders  h  in. 
smaller  than  the  express  class  de- 
scribed. Inside  admission  piston  valves 
TO  in.  diam.  of  similar  design  are 
provided,  driven  direct  by  link  motion, 
the  steam  chests  of  the  two  cylinders 
being  bolted  together  at  the  centre 
line  providing  a  powerftil  frame  stay. 
They  have  coupled  wheels  4  ft.  S  in. 
diam.,  and  carrying  65  tons  of  the 
72  tons  total  weight  of  engine,  a  very 
fwwerfnl  machine  results.  The  boiler 
provided  is  5  ft.  diam.,  15  ft.  long,  and 
is  provided  with  a  Robinson  super- 
heater of  similar  design  to  that 
already  described.  The  connecting 
rods  drive  on  to  the  third  pair  of  coupled 
wheels  in  these  engines,  and  there- 
fore, a  very  lon^  rod  is  secured.  Both 
types  are  provided  with  a  standard 
6-wheel  tender,  carrying  5  tons  of  coal 
and  4.000  gallons  of  water. 

The  Great  N'(jrthern  Railway  was  the 
pioneer  line  in  the  introduction  of  the 
fast  "  braked  "  ,1,'onrls  trains  which  are 
now  such  a  feature  ol  British  railway 
practice,  and  to  deal  with  these  trains. 


Digitized  by  Google 


CASSIER'S  ENGINEERING  MONTHLY 


heavy  excursion  traffic.  &x.,  a 
new  type  of  2-6-0  express  goods 
locomotive  has  just  been  turned 
out  from  their  Doncastcr  works 
to  the  desifjns  of  Mr.  H.  N. 
(iresk'V,  locomotive  engineer.  The 
general  appearance  of  these 
engines  is  somewhat  suggestive 
of  American  practice,  the  run- 
ning plate  being  carried  above 
thv  coupled  wheels,  there  being  no 
splashers.  Piston  valves  10  ins. 
diam.,  with  inside  admission 
control,  the  steam  distribution 
operated  by  W'alsthaert  gear, 
which,  it  may  be  remarked,  is 
gaining  ground  considerably  in 
locomotive  practice  both  here 
and  in  the  U.S.A.,  while  on  the 
Continent  it  has  been  practically 
universal  for  many  years.  Like 
most  radial  and  semi-radial  gears, 
it  gives  a  constant  lead  at  all 
cut  offs,  and  thus  obviates  the 
excessive  pre-admission  insepar- 
able from  early  cut  off  with 
link  motions.  It  is  particularly 
adapted  for  locomotives  having 
the  valves  alx)ve  the  cylinders, 
the  usual  j^osition  for  piston 
valves.  The  (ireat  Northern 
have  exfK>rimented  with  the 
gear  on  one  or  two  locomotives, 
and  the  results  having  been 
satisfactory,  it  has  been  intro- 
duced on  these  new  engines. 
The  boilers  provided  are  equipped 
with  Schmidt  smoke-tube  super- 
heaters, having  302.8  sq.  ft. 
heating  surface,  and  it  will  be 
noted  the  round  topped  radial 
stayed  firebox  is  reiainetl.  the 
Hi-lpaire  form  not  having  been 
introduced  on  this  line  so  far. 
Wakefield  oil  pumps  are  fitted 
for  lubrication,  and  tail  rods 
are  provided  to  both  piston 
and  valve  rods,  this  being 
almost  universal  practice  where 
superheated  steam  is  employed. 

This  company  have  also 
equipped  a  number  of  their  well- 
known  4-4-2  express  locomotives 
with  Schmidt  superheaters,  the 
cylintler  dimensions  being  increas- 
ed from  iJ^J  ins.  by  24  ins.,  to  20 
ins.  by  24  ins.,  to  enable  greater 
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expansion  ratios  to  be  employed  with- 
out loss  of  tractive  effort.  The  steam 
pressures  have  been  reduced  from  175 
to  tGo  lbs.  per  sq.  in.  with  very  bene- 
f  .lal  results  as  regards  boiler  upkeep. 
A  number  of  the  large  eight-coupled 
mineral  engines  on  this  line  have  also 
been  equipped,  a  fuel  economy  of 
35'3"ii  liaving  resulted  it  is  stated, 
and  it  is  interesting  to  note  that 
balanced  slide  valves  of  the  Richardson 
pattern  are  giving  perfectly  satisfactory 
results  in  these  engines  with  high 
sufU'rheat  and  forced  lubrication.  The 
cylinder  diameters  have  been  increased 
from  IQ  ins.  to  21  ins.  in  these  loco- 
motives. 

The  North  Eastern  Railway  have 
recently  introduced  for  their  heavy 
East  Coast  express  traffic  some  ex- 
tremely powerful  4-4-2  locomotives 
from  the  designs  of  Mr.  \'incent  L. 
Raven.  M.I.C.E.,  their  chief  mechanical 
engineer,  which  have  three  cylinders. 
Some  20  altogether  have  been  built, 
10  equipped  with  Schmidt  super- 
heaters and  16.1  ins.  by  26  ins.  cylinders, 
and  a  boiler  pressure  of  160  lbs.  and 
ten  without  superheaters  and  15  i  ins. 
by  26  ins.  cylinders  and  i«So  lbs. 
pressure ;  otherwise  the  engines  are 
identical  and  the  results  of  working 
should  prove  extremely  interesting  as 
demonstrating  the  exact  measure  of 
economy  to  be  obtained  from  super- 


heating on  a  very  heavy  express 
service  involving  the  covering  of  some 
80.1  miles  in  ()i  minutes  with  loads  of 
J50-400  tons  behind  the  tender.  The 
cylinder  castings  of  these  engines  are 
unique,  as  the  three  cylinders  and 
their  respective  piston  valve  chests 
are  cast  in  one,  thus  obviating  all 
bolted  joints  and  securing  great 
rigidity.  The  exhausts  from  all  three 
cylinders  are  diverted  into  one  central 
blast  pipe  which  latter  is  equipped 
with  ash  ejectors,  which  remove  all 
ashes  accumulating  in  the  smokebox. 
Three  sets  of  Stephenson  link  motion 
actuate  the  piston  valves,  which  are  of 
the  Schmidt  patented  designs,  and  all 
three  cylinders  drive  on  to  the  leading 
coupled  axle,  the  three  connecting 
rods  being  b  ft.  8  ins.  between  centres, 
the  inside  crank-pins  being  9  ins.  by 
5  ins.  ;  the  outside  3 J  ins.  by  4  ins. 
ihe  boilers  provided  are  some  of  the 
largest  now  running,  and  have  an  out- 
side diam.  of  5  ft.  6  ins.,  and  a  length 
of  barrel  of  15  ft.  io\  ins.,  the  round 
tt)pped  radial  stayed  firebox  being 
retained  in  preference  to  the  Belpaire 
type,  The  Schmidt  superheaters  fitted 
to  10  of  the  engines  are  designed  to 
maintain  640°  Fah.  in  the  headers, 
and  a  Wakefield  pump  is  fitted  for 
forced  lubrication  on  both  the  super- 
heater and  saturated  steam  engines, 
The  cabs  fitted  arc  extremely  roomy. 


4-f«-t>  jroim  cviisnFii  Expurss  locomotive,  londost  and  ^oftii  wesxEBK  railway,  fitted  wiik 

WaL.»1|IA»  KT    V<LVI    r.rAK.   I'lSIOV   VALVfS   AM)   CR""*'*    .V^TKR    Tl'Iirs   IN    rlRE  BOX. 
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and  have  most  commodious  footplates. 

It  is  notable  that  while  retaining 
the  4-4-2  design  for  heavy  express 
work,   this  company  have  for  some 
time  built  powerful  4-6-0  locomotives 
for  dealing  with  express  gooils,  excur- 
sion, and  similar  trafhc.    The  latest 
engines  of  this  type  turned  out  have 
two  outside  cylinilers,  20  ins.  by  26  ins., 
and  piston  valves.    These  latter  arc 
of  the  one  spring  ring  type,  the  rings 
being  kept  up  to  the  valve  chest  liner 
by  steam   pressure  admitted  behinti 
them.    Insi<le    or    exhaust     lap  is 
employed  to  increase  expansion  some- 
what by  delaying  release.     The  boilers 
of  these  engines  are  very  large,  being 
5  ft.  ()  ins.  outside  diam.,  and  15  ft. 
in    length,    and   are    equipjx'd  with 
Robinson    superheaters,    designed  to 
maintain   640"  Fall.,   in   service.  To 
prevent    the    rapid    cooling    of  the 
su|x*rheater    headers,    and  elements, 
which  takes  place  when  steam  is  off, 
arrangements  arc  provided  in  these 
engines    to    admit    steam    in  small 
quantities  to  them  when  the  regulator 
is  closed.    A  similar  arrangement  of 
exhaust  passages  in  the  smokelwx  to 
that  adopted  on  the  express  engines  is 
employed,   and   the   blast   pipes  are 
fitted    with    identical    ash  ejectors. 
These  engines  handle  smartly  Ixjoked 
goods  trains  of  500-Soo  tons  weight 
with    great    success.    Brief  mention 
must  be  ma<le  of  the  extremely  fine 
finish  of  these  locomotives,  a  quality 
distinctive  of  modern  practice  on  this 
line. 

The  four-cylinder  simple  expansion 
locomotive  is  now  very  widely  adopted 
in  this  country,  more  especially  on  the 
London,  and  South-\Vestern.  Lan- 
cashire and  Yorkshire,  London  and 
North  Western,  and  Great  Western 
Railwavs.  and  although  a  design  costly 
in  construction,  and  upkeep,  it  |X)s- 
sesses  very  valuable  c(»nipensating 
ailvantages  as  regards  even  turning 
moment  and  tractive  effort,  and  im- 
proved balancing  of  the  reciprocating 
masses,  reducing  the  size  of  balance 
we  ights  required  and  resultant  hammer 
blow  on  the  track  at  high  speeds. 
With  the  insid*'  and  outside  cranks 
set  at  oppo.sites  and  at  right  angles  to 
tliose  on  the  other  side  of  the  engin<', 
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the   balancing   of    the  reciprocating 
masses  is  practically  achieved,  and 
engines  thus  designed  run  with  wry 
marked   smootlincss   at    tho  higlust 
speeds.    It  is  now  customary  to  dividt- 
the  driving  effort  over  two  axles,  the 
most  common  arrani^rment  bring  for 
the  inside  cylinders  to  drive  the  first 
coupled  wheels  by  a  crank  axle,  and 
the  ontsitle  on  the  second  coupled  axle 
by  crankpins  set  in  the  wheels.  The 
four-cylinder  4-6-0  express  locomotives 
of  the  (ireat  \Ve>t<  rn  Railway.  <h*signe<l 
by  Mr.  G,  J.  Churchward,  M.I.C.E., 
chief  mechanical   engineer,    are  an 
interesting  example  of  this  design  nul 
are    now    this    company's  stamhird 
express  class.    In  these  engines  the 
four  cylinders  are  not  arranged  in  line 
under  the  smokebox.  but  the  in-^ide 
pair  are  over  the  front   bogie  axle, 
and  the  outside  pair  over  the  back  ; 
the  connecting  rod  lengths  are  7  ft. 
10  ins.  centres  and  S  ft.  centres  for 
the  inside  and  outside  rods  respec- 
tively.   The  steam  di-;tribution  for  all 
four  cylinders  is  by  8  ins.  piston  valves, 
two  sets  of  Walschaert  gear  driving 
the  inside  valves  direct,  and  the  outside 
through    horizontal    rocking  levers 
pivotted  on  and  passing  through  aper- 
tures^ in  the  frames.    The  most  striking 
feature  of  these  engines  is  the  design 
of  the  boilers,  which  embodies  some 
important  departures  from  usual  prac- 
tice.   The  barrel  is  i.j  ft.  10  ins.  long, 
and  comprises  two  tajwr  rings,  the 
outside  diameter  at  the  front  end 
being  4  ft.  :,)         ins.,  and  3  ft.  0  ins. 
at  the  back  end,  the  centre  line  being 
8  ft.  6  ins.  from  rail  level.   No  dome 
is  provided,  but  a  direct  loaded  safety- 
valve  is  mounted  on  the  second  ring. 
The  regulator  is  situated  in  the  smoke- 
box,  tlie  steam  pi|)e  to  same  running 
the  whole  length  of  the  boiler,  and 
taking  steam  from  the  top  of  the  fire- 
box.  The  boilers  of  the  latest  of  these 
engines  are  ecjuipped  with  the  Swindon 
superheater — patented  by  Mr.  Church- 
ward— ^which  IS  designed  for  a  moderate 
superheat    of    ijo-i',o  I"ali.,    and  in 
which  careful  provision  has  been  made 
for  the  ready  removal  of  any  defective 
units  without  dismantling  the  super- 
heater.   In   view   uf   the  moderate 
superheat  no  augmentati(m  of  the 


cylinder  dimensions  has  been  made, 
and  a  special  form  of  sight  feed  lubri- 
cator is  found  to  provide  adequate 
lubrication.  In  an  exhaustive  paper 
before  till-  Institution  of  Mechanical 
lingineers,  in  i()ob,  Mr.  Churchward 
dealt  at  length  with  the  jiroblems 
involved  m  niodern  locomotive  boiler 
design,  and  an  interesting  innovation 

has  just  been  made  on  the  b"!lt  rs  of 
this  line  in  the  method  «)f  introducing 
the  feed,  this  now  being  spraxcd  right 
into  the  steam  space,  the  clack  valves 
being  situated  each  side  of  the  safety 
valve  casing.  Tests  carried  out  have 
demonstrated  clearly  that  with  the 
usual  boiler  feeding  arrangements, 
when  the  regulator  is  closed  any  feed 
water  introduced  immediately  flows 
to  the  liottom  of  the  boiler,  i.e..  around 
the  firebox  side  sheets,  cooling  these  in 
a  few  moments  as  much  as  100°  Fahr. 
in  some  <-a-;es.  Rv  introihicing  the 
feed  at  the  highest  possible  point  a 
more  complete  mixing  with  the  water 
alreadv  in  the  boiler  coupled  with  a 
rapid  rise  of  temperature  is  secured, 
and  the  firebox  plates  are  maintained 
at  a  much  more  uniform  heat  with  a 
substantial  reduction  in  upkeep  costs. 
The  necessity  of  i)roviding  ample 
circid.ation  round  the  firebox  with  the 
high  pressure  carried  122^)  lbs.  per  sq. 
in.)  has  received  special  attention  in  the 
design  of  these  remarkable  boilers,  and 
so  successfid  has  the  new  system  of 
"  top  feed  "  proved  that  it  is  being 
rapidly  fitted  to  all  new  locomotives 
constructed  at  Swindon  work<.  and 
to  the  boil(  rs  of  existing  engines  coming 
in  for  repairs.  The  excellent  work  of 
one  of  tliese  locomotives  hauling  the 
heavy  Cornish  Riviera  express  was 
analvsed  at  length  by  Professor  W.  E. 
Dalby  in  his  recent  paper  liefore  the 
Institution  of  Mechanical  Kndneers  on 
"  .\ccel<  ration  and  Retardation  Dia- 
grams for  Trains,"  in  the  course  of 
which  he  commented  on  the  remarkable 
j)erformancc  of  the  engine,  and  stated 
that  "  to  exert  a  draw  bar  pull  of  if 
tons  at  70  miles  an  hour,  rnrresponding 
to  730  horse  power  at  the  draw  bar, 
is  an  achievement  in  locomotive  design 
which  it  would  be  difli' ult  to  surpass 
within  the  limits  of  the  British  loading 
gauge." 
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Although  the  average  speed  of  the 
express  trains  on  the  Great  Kastern 
Railway  i<  not  particularly  liit^Ii,  the 
train  loads  arc  often  very  considerable, 
especially  in  the  Continental  services 
via  Harwich,  and  locomotive  \v(»rk  of 
no  mean  order  is  called  for  in  their 
operation.  Up  till  the  end  of  ion 
the  laigrst  express  locomotives  |x>s- 
sessed  by  this  Company  were  of  the 
4-4-0  t3  pi',  but  some  very  large  and 
powerful  4-0-0  engines,  equipped 
with  superheaters,  have  now  been  put 
in  service.  Inside  cylinders  have  for 
many  years  past  been  standard  ]xactice 
on  this  line,  and  110  departure  from  this 
has  been  made  in  the  new  machines  ; 
they  are,  however,  the  first  locomotives 
on  the  Great  Kastern  line  to  Ik'  fitted 
with  piston  valves,  these  being  placed 
above  the  cylinders  and  operated  by 
link  motion  tlu-ough  rocking  shafts. 
The  boiltrs  of  these  engines  are  of  very 
ample  proportions,  being  5  ft.  ijj  in. 
maximum  internal  diam.,  and  contain- 
ing a  Schmidt  sujH'rheater  of  z^ir^ 
sq.  ft.  surface.  The  tire-boxes  are  of  the 
Belpaire  pattern,  which  has  been  the 
standard  on  this  lino  for  some  time 
now,  the  front  iialf  of  the  grate  being 
inclined  above  the  intermediate  axle, 
and  the  back  half  horizontal,  the  area 
being  zfr^  sq.  ft.  Reversini:  trear 
operated  by  compressed  air  from  the 
westinghouse  brak*-  ])ump  is  provided, 
with  a  screw  for  hand  reversal  and 
adjustment  of  cut  off  in  addition. 
The  working  pressure  carried  is  180  lbs. 
per  sq.  in.,  and  the  cylinders  are  20  in. 
diam.  b^  28  in.  stroke,  as  against  19  in. 
by  26  m.  in  the  4-4-0  engines.  A 
Wakefield  pump  o]>eratf  d  by  le\er  off 
the  right  hand  valve  rod,  provides 
forced  lubrication  to  the  cylinders, 
valves  and  piston  tail  rods.  Tin-  intro- 
duction of  th'-se  fine  locomotives  has 
much  facihtatcd  the  handling  of  this 
Company's  heavy  ex})rtss  traffic,  and 
a  further  set  Iiave  just  been  turned  out 
of  the  Stratford  works. 

The  London  and  North  Western 
Railway  lia\  t'  al^n  ju^t  int induced  some 
new  and  extremely  powerful  4-6-0 
locomotives,  constructed  from  the 
desi^'ns  of  Mr.  J.  Howen  Cooke, 
M.I.C  II  .  their  chief  mechanical  en- 
gineer.   These  engines  have  four  cylin- 


ders iG  in.  by  26  in.,  all  in  line  under 
the  smoke-box,  and  all  driving  on  to  the 
leading  cou]>led  axle,  the  inside  cranks 
being  at  right  angles,  and  the  outside 
being  at  180^  to  the  corresponding 
inside  cranks,  and  therefore  at  qo  to 
each  other ;  almost  perfect  balance  of 
the  reciprocating  parts  is  thus  obtained. 
As  in  the  (ireat  Western  engines 
previously  described,  two  sets  of 
U'alscliaeit  gear  ojH-rate  the  8  in. 
piston  valves,  the  outside  valves  direct, 
and  the  in^id--  vahts  throuph  the 
medium  of  rocking  shafts,  the  gear 
being  outside  the  frames  and  thus  more 
readily  accessible.  The  boiler  has  a 
mean  diam.  of  5  ft.  q|  in.,  and  is  14  ft. 
io|  in.  long,  the  firebox  of  the  Belpiurc 
tyjx'  having  a  grate  area  of  30  5  ft. 
A  Schmidt  sujierheatcr  of  24  elements, 
giving  a  heating  surface  of  413  <>  sq.  ft., 
is  provided,  and  the  boiler  is  designed 
for  175  ]h-i  per  sq.  in.  ]>ressure.  Two 
injectors  are  provided,  one  a  (iresham 
and  Craven  exhaust  pattern,  and  one 
a  live  steam,  while  lubrication  is  pro- 
vided by  two  Wakelield  pumps  to 
cylinders,  piston  rods,  valves  and  valve 
rods.  Thes«'  entwines  area  very  marked 
advance  on  previous  London  and 
North  Western  practice,  and  Mrith  the 
adhesion  weight  of  50  tons  in  con- 
junction with  ample  boiler  and  cylinder 
jx)wer.  they  will  doubtless  do  some  very 
remarkable  work  with  the  West  Coast 
Scotch  expre^'ies,  probablv  the  heaxnest 
regular  exprc>s  trains  running  in  Great 
Britain. 

Within  the  limits  of  a  single  article 
it  is  obviously  impossible  to  chronicle 
all  the  new  and  more  powerful  designs 
introduced  of  late,  as  a  result,  doubt- 
less, of  increased  trafftc  due  to  im- 
proved trade  conditions  prevailing.  The 
foregoing,  however,  are  thoroughly 
representative  of  recent  locomotive 
engineering,  and  reveal  the  manner 
in  which  British  locomotive  engineers 
are  meeting  the  insistent  demands  for 
greater  haulage  power  from  their  trathc 
departments.  The  rapid  approach  to 
the  maximum  dimensions  of  boiler 
}>ermissible  b^'  structural  considera- 
tions and  loading  gauge  restrictions  has 
accentuated  the  need  of  adopting  all 
possible  moans  <if  enhancing  boiler 
efficiency,  and  it  must  be  noted  that 
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extensive  experiments  with  leed;,water 

heating  arc  being  carried  out  on  many 
lines,  although,  with  the  exception  of 
the  London  and  South  Western,  such 
equipoient  has  not  become  standard 

practice  on  any  railway.  It  is  a 
matter  of  regret  that  the  prohibitive 
price  of  oil  fuel  has  entirely  arrested 
progress  in  the  direction  of  its  sub- 
stitution for  coal  for  locomotive  pur- 
poses, and  the  possibilities  it  affords  of 
increasing  the  steaniini:  capacity  "f 
existing  boilers  are,  tlierefore,  not 
avoUable  to  locomotive  engineers.  As 
announced  in  the  Special  Oil  Power 
number  of  Cassier  s  M.\(..\zine,  how- 
ever, attempts  arc  now  being  made  to 


adapt  the  internal  combiution  engme 

to  lua\y  railway  traction  on  the 
Contment.  Obviously  the  ditficulties 
to  be  overcome  in  the  application  of  this 

type  of  ])rimt'  mover  to  locomotive 
purp)ses  are  extremely  formidable,  but 
should  they  Ix-  succt^sfully  surmounted 
— ^in  conjunction  with  some  cheap 
form  of  fuel  till-  introduction  of 
such  engines  would  iiavc  a  most  im- 
portant bearing  on  tlie  future  of  loco- 
motive design,  though  it  is  readily 
apparent  the  overall  cfticiency  would 
require  to  be  very  considerable  to  com- 
pct«'  with  such  an  economical  macliine 
as  the  modern  steam  locomotive  can 
justly  claim  to  be. 


A  DEVICE  TO  FAdLITATE  THE  COUPLING  OF 

CRUISING  TURBINES  * 

By  Harold  £.  Yanow,  A.M.IJ4.A. 


OWING  to  the  uneconomical  per- 
formance of  turbines  when 
developing  powers  considerably 
below  full  power,  attention  has  recently 
been  dirtH  ted  to  imprf>vin,t;  the  economy 
of  vessels  when  crui>ing  at  low  sptrds 
by  the  introduction  of  special  motors 
s\kIi  as  turbines,  internal  combustion 
cngmes,  or  reciprocating  steam 
engines.  Sir  Charles  Parsons  has 
already  constructed  successfully  tur- 
bine '  iuNtallations  having  special 
cruisuig  turbines.  Certain  difficulties 
that  arise  from  the  use  of  an  addi- 
tional motor,  transmitting  its  power 
simultaneously  with  the  main  turbine, 
may  render  it  necessary  to  use  the  main 
turbine  and  the  cruising  turbine 
independently  of  one  another,  the 
vessel  being  driven  by  the  one  or  the 
other,  and  not  by  tlie  two  in  combina- 
tion. This  involves  connecting  and 
disconnecting  the  low-power  motor 
from  the  main  shaft. 

The  cruising  turbine  or  engine  may 
drive  the  main  shaft  through  the 

*  Read  before  the  InsUtutiaa  of  Naval 
Architects. 


medium  of  electrical  or  iiydraulic 
transmission,  or  by  simply  throwing  in 
and  out  of  gear  a  clutch  ;  the  latter 
arrangement  undoubtedly  offers  ad- 
vantages, there  being  no  appreciable 
loss  ot  i)ower,  and  the  increased  compli- 
cation and  cost  of  an  electrical  or 
hydraulic  transmission  are  avoided. 
The  use  of  a  friction  clutch  on  board 
ship  may  lead  to  difficulties,  esfteci* 
ally  in  view  of  the  comparatively  large 
powers  that  have  to  be  transmitted. 
The  simpler  and  more  direct  method 
is  by  throwing  in  and  out  of  gear  a 
(Iol;  clutch,  so  that  the  cniising  motor 
can  be  coupled  uj)  or  not  as  desired. 

When  a  high  s;)eed  is  demanded  it 
i-  conteniplatecl  tliat  the  main  turbine 
only  will  be  working,  and  when  a 
cruising  speed  is  required  the  cruising 
mf)tor  only  will  be  working,  the  main 
turbine  in  this  case  bcmg  simply 
driven  round  by  the  cruising  motor. 
If  the  cruising  motor  consists  of  a 
steam  turbine,  the  exhaust  from  it 
could  of  course  be  utihsed  in  the  main 
turbines  to  assist  in  the  propulsion 
oi  the  vessel. 
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Fit;.  I  rt'pRx  nts  one  arrangement 
of  turbine  maclmiery. 

Assuming  that  a  vessel  is  being  pra- 
l)cll('»I  at  low  speed  by  means  of  the 
crui>ing  motor,  which  would  probably 
convey  its  ])ower  to  the  main  shaft 


preferable.  On  account  of  the  larije 
|jowers  now  in  use  even  wlien  cruising, 
if  the  two  shafts  that  it  is  desired  to 
couple  together  are  not  rotating  at 
nearly  the  same  speeil,  it  would  not  be 
possible  to  engai^e  the  clutch  without 


riC.  t. — AKRANClMtNT  Ot  UAiS  TVKBINkS  ANl>  CtAKkD  CRVlSINC  Tt'BaiNKS  WITH  CLVTCHSS  roK  t>l«CON- 

MICTIKC  Cai'ltlMG  TURBIMKI  MM  rVLl  srSBD. 


through  gearing,  and  it  is  desired  to 

increase  the  speed  and  propel  tlie  \  e^sel 
by  the  main  turbine,  no  serious 
difliculty  would  be  found  in  throwing 
the  cruising  motor  out  of  gear  by  mean> 
of  an  ordinarv  well-designed  clutcli. 
It  is.  however,  not  >-ucli  an  easy 
matter  to  make  the  change  from  the 
full-power  turbine  to  tlie  low-vowci 
motor,  because  in  this  case  the  clutch 
has  to  be  put  into  gear.  This  can  be 
done  bv  slojiping  the  ve-^srl.  but  that 
mav  not  always  be  ])ermissible,  and 
if  it  can  be  avoided  it  is  certainly 


involving    an   objectionable  shock. 

On  the  other  hand,  if  the  clutcli  is  put 
into  gear  wlieu  the  shafts  are  revolving 
at  appioximately  the  same  number  of 
revolutions,  it  is  evident  no  appreciable 
shock  would  hi  caused.  It  therefore 
becomes  necessary  to  adopt  some 
device  by  which  tW  relative  speeds  of 
tlie  two  shafts  can  be  ascertained  ; 
and  when  they  are  revolving  at 
practically  similar  speeds  the  clutch 
coidd  be  put  into  gear,  and  the  shafts 
then  connected  together. 
I'ig.  2  shows  one  arrangement  pro- 
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posed,  from  which  it  will  be  seen 

tliat  on  tli(>  oiifsidf  of  carh  r()ti]>Iin,q 
a  screw  tliread  is  cut,  the  tlireads  on 
both  couplings  being  similar.  By 
watchinj^  tho  thread  when  the  rrmp- 
lings  revolve  it  makes  their  relative 
speeds  at  once  apparent,  and  when  the 
screw  threads  apj)ear  continuous  the 
two  couplings  will  be  revolving  at 


tremity  a  bevel  wheel  gearinfs^  in  with 

another  he\  rl  w  heel.  \vlii(  Ii  hitter 
would  be  tixed  in  a  revolving  frame, 
and  therefore  forming  a  differential 
gear  similar  to  that  u^,ed  in  a  motor 
car.  If  the  t\v(<  stiafts  are  revolving 
at  the  same  speed  it  is  evident  that 
the  revolving  frame  will  remain 
stationary,  but  if  there  is  a  di£(ercnce 


no.  3. — AROTRIR  HITMOD  OF  CARRVlMO  OVT  IDKA  ttlfSTRATSD  IN  PIC.  1. 


ec^ual  speeds.  If  they  are  rotating 
at  difterent  speeds  the  one  which  is 

revolving  the  more  rapidly  will  make 
the  screw  thread  ap])car  to  be  travel- 
ling faster.  The  optical  effect  pro- 
duced by  the  rotation  of  the  clutches 
upon  which  the  screw  thread  is  cut 
makes  the  progression  of  the  thread 
or  spiral  line  in  the  direction  of  the 
axis  of  rotation  readily  apparent,  the 
eye  at  once  recognising  any  difference 
in  speed  between  the  two  sliafts. 

Fig.  3  shows  another  method  of 
carrying  out  the  same  idea.  It  will 
be  seen  that  two  pulleys  are  driven 
from  each  of  tlie  two  shafts  that  it  is 
required  to  couple  together,  the 
pulleys  revolving  in  ojiposite  direc- 
tions. Each  pulley  would  be  attached 
to  a  short  spindle  having  at  its  ex- 


in  the  revolutions  of  the  two  shafts 
the  difference  will  make  itself  apparent 

by  causing  the  re\'olving  frame  to 
rotate  cither  in  the  one  direction  or 
the  other,  depending  u})on  which  shaft 
is  travelling  faster.  On  the  outside 
of  the  revolving  frame  it  will  be  seen 
a  screw  thread  is  cut  so  as  to  make 
apparent  the  speed  and  direction  of 
rotation  of  the  revolving  frame.  When 
the  sj)eed  u{  the  two  shafts  approxi- 
mates very  closely,  the  revolving 
frame  will  almost  stop,  and  the  coup- 
ling can  be  connected  with  the  mini- 
mum shock. 

Fiir.  4  rei)resents  another  device  by 
which  a  pointer  indicates  the  relative 
speeds  of  the  two  shafts.  Many  other 
devices  could  he  designed  for  etferting 
the  same  object,  but  it  will  be  admitted 
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that  without  some  means  of  this  kind 

it  would  be  very  cliflicult  to  form  a 
correct  estimate  of  the  speed  of  rota- 
tion of  the  two  shafts  in  line  with  one 
another.  Although  such  a  device 
has  not  bcrn  fitted  byns  inany  vessels, 
from  trials  made  in  our  shops  it  has 
been  found  very  easy  to  determine 
the  ]ir(>pcr  moment  to  engage  the 
clutch.  With  reference  to  the  coup- 
ling itself,  in  which  an  ordinary  dog 
clutch  is  iisrd,  it  is  desirable  that  the 
two  clutches  should  only  be  capable 
of  being  put  into  gear,  so  that  the  same 
faces  are  always  in  contact  with  one 
another,  because  with  the  greatest 
possible  accuracy  in  workmanship  it 
may  be  found  that  tlie  work  will  not 
be  taken  up  equally  by  the  different 
surfaces  in  contact,  and  the  faces  of 
the  clutch  will  readily  wear.  There- 
fore, it  is  submitted  that  whatever 
clutch  is  adopted  the  same  faces 
should  always  oe  in  contact,  and  this 
can  be  effected  by  the  i^rrijections  of 
the  dog  clutch  being  of  unequal  size. 
Another  point  which  should  be  borne 
in  mind  in   connection   with  such 


clutches  is  to  design  the  bearings 
which  sup]»ort  the  ^llaffs  close  up  to 
the  dutches,  so  that  they  should  not 
be  subjected  to  unequal  wear.  This 
is  necessary,  because  if  there  is  a 
difference  in  flie  amount  of  wear  to 
which  the  two  bearings  are  subjected, 
causing  the  shafts  to  get  out  of  line, 
the  want  of  alignment  thus  arising 
between  the  two  clutches  will  cause 
movement  between  them  and  lead  to 
trouble.  For  this  reason  it  may  Ix' 
desirable  that  a  certain  length  of  shaft 
should  be  interposed  between  where 
the]iower  is  transmitted  and  the  clutch, 
which  would  allow  for  the  unequal 
wear  of  the  main  engine  or  turbine 
bearings  ;  while  the  special  bearings 
which  have  only  to  sujiport  the  weiglit 
of  the  shaft  near  the  clutches  may 
be  considered  as  likely  to  wear 
evenly. 

The  devices  which  I  have  had  the 
privilege  of  describing  are,  in  a  great 
measure,  due  to  my  father,  Mr. 
Marriner,  and  Mr.  Cotton,  to  whom  I 
am  further  indebted  for  their  help  in 
the  preparation  of  this  paper. 


Digitized  by  Google 


NEW    METHODS   OF    VENTILATION    AND  THE 
ADOPTION  OF  OPEN  FANS  FOR  FORCED 

DRAUGHT  IN  STOKEHOLDS 

By  Jjuna  Kdlh.  AMoc.M.Io(t.C.E^  MJiut.McciuE. 


IN  his  {}resiclential  address  before  the 
Physiological  Section  of  the 
I^ritish  Association  at  Dundee 
during  September  last,  Dr.  Leonard 
Hill  dealt  with  the  *'  Huntenance  of 
Health  "  ;  and  some  of  his  statraients 
have  a  considerable  bearing  on  the 
Ventilation  of  Tunnels,  Mines,  Engine 
Rooms,  Workshops,  etc.,  confirming  in 
many  respects  the  conclusions  which 
the  writer  liimself  has  come  tu  after  a 
life-long  study  of  the  Science  of 
Wntilation  with  all  its  apparent  con- 
tradictions and  inconsistencies ;  and 
the  writer  desires  to  place  on  record 
a  note  of  the  results  of  several  costly 
series  of  experiments  which  liave 
resulted,  after  a  few  failures,  in  effici- 
ent and  eminently  satisfactory  working 
under  certain  conditions,  though  the 
very  opposite  may  occur. 

There  is  no  royal  road  to  success  in 
this  or  any  other  branch  of  technical 
science  ;  but  this  mucti  is  certain,  viz., 
that  good  ventilation — as  so  wdl  set 
forth  by  Dr.  Leonard  Hill — cannot  be 
secured  in  all  cases  without  the  expendi- 
ture of  money  and  wtthoat  the  aid 
of  experienced  experimenters  and 
mechanical  energy  in  some  form  or 
other  under  what  may  sometimes  be 
thought  unnatural  conditions.  The 
whole  of  Dr.  Leonard  Hill's  address 
will  repay  perusal  not  only  by  engineers 
but  by  workers  whose  health  has  not 
hitherto  been  surtiririitlv  studied,  and 
to  whom  the  bracuig  ellect  uf  pure  air 
would  prove  of  great  value ;  and  the 
following  excerpts  from  the  address  are 
of  special  interest  ;  — 

"  All  the  efforts  of  the  heating 
and  ventilating  engineer  should  be 
directed  towards  cooling  the  air 
in  crowded  places  and  cooling  the 


bodies  of  the  people  by  setting  the 
air  in  motion  by  means  of  fans.' 

"  The  essentials  required  for  any 
good  system  of  ventilation  are : — 
(i)  movement,  coolness,  pro}x*r  de 
gree  of  relative  moisture  of  the 
air  ;  (2)  reduction  of  the  mass  in- 
fluence of  pathogenic  bacteria  " 

"  The  chemical  purity  of  the  air 
will  be  adequately  insured  by 
attendance  to  the  essentials." 
This  authoritative  pronouncement 
should  carry  weight  :  and  it  will  be 
found  tiiat  the  "  essentials  "  so  strongly 
recommended  by  Dr.  Leonard  Hill  are 
part  and  parcel  of  the  system  of 
ventilation  which  the  writer  has  adopted 
after  trials  on  a  large  scale,  of  which  he 
believes  a  movable  modified  sample 
(but  f(^r  summer  use  only)  was  in- 
dependently carried  out  by  Professor 
C.  V.  Boys,  F.R.S..  at  the  rooms  in 
which  the  soiri^es  of  the  Royal  Society 
have  been  given  for  many  years  and 
where  the  guests  previously  suff^ed 
so  much  discomfort  from  insuflfiidency 
of  fresh  air. 

In  a  lecture  delivered  to  the  members 
of  the  Edinburgh  Philosophical  Insti 
tution  in  January,  1S70.  on  "  Domestic 
Sanitation."  the  late  Professor  Flecm- 
ing  Jenkin  stated  that — 

"  The  ideal  condition  of  comfort 
and  healthiness  is  that  represented 
1^  a  hillside  on  a  still  spring  morn- 
ing, when  the  sun  is  shinmg  lurightly 
and  there  is  frost  in  the  air." 
Hiough  it  may  not  be  possible  to 
attain  to  this  high  standard  m  enclosed 
places,  there  need  nowadays  be  no 
excuse  for  lack  of  good  ventilation 
almost  anywhere  if  the  most  be  made 
of  those  increast  (1   facilities   for  tlie 
economical  adoption  and  the  distribu- 
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tion^  of  cheap  electrical   power    for  report   by   the   Manchester  Medical 

driving  fans.  Omcer  of  Health,  in  which  it  is  shown 

From  a  sanitary  point  of  view  tlic  tltat  in  tlic  centre  of  the  dty  the  chil- 

*'  Maintenance  of  Health  "  and  "  Ven-  dren  are  on  an  average  6  lbs.  lighter 

tilation  "  are  synonymous  so  far  as  the  and  3  inches  smaller  than  those  of  like 

necessity,  of  securing  a  change  of  air  years  who  live  two  miles  out  and  have 


no.  I. 


goes,  and  each  person  to  hv  in  ]x  rfect  the  advantatre  of  fnsh  air  and  sunlight, 
health  recjuircs  a  certain  amount  of  A  report  by  the  School  Medical  In- 
fresh  air.  Fortunately,  less  change  of  specter  again  shows  that  the  breathing 
air  is  required  in  rooms  or  enclosed  of  pure  fresh  air  has  a  wonderful  effect 
places  in  winter  than  in  summer,  as  on  the  physical  and  mental  condition 


no.    7  — P*BT  SeCTIO!*  P.IWr.R  Hnr«F   A\t>  SWITCK-BOMiD  HOl->ir.  DEVK,  r*»I«i,  FANS  INSTAltKD 

h  Y    M  t  -'^  K    ,  H  A  111  ■  H  K  A  N'  l>  Wl  I  •  "  \  ,  "  I   I  o  V  l>(>N  . 

The  main  builJtiiC  or  power  b<>U!>c  proper  sliuwii  .<l>.ii^:.i.|f  is  iiol  siuaralfly  vniliUtrd  at  prnent, 
but  the  diairam  iadicBtcs  kow  it  may  b«  by  a  s> n.  ~  .1  larfcr  fans  mIiik  iadalled  throufbont  it« 

600  feet  length. 


the  higher  tlie  external  temperature, 
the  more  air  is  necessary  for  comfort 
even  in  the  open.  The  value  of  open- 
air  schools  in  the  im]irovement  of  the 
physique  of  children  has  lately  been 
exemplified  by  the  publication  of  a 


of  the  child,  and  indicates  that  this 
has  been  proved  in  the  opcn-air 
schools  which  have  already  been 
established  in  the  country  near  Man- 
chester. The  race  is  to  the  swift. 
Twentieth-century    knowled^  has 
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taught  us  that  the  northern  races  and 
tljose  most  given  to  the  practice  of 
manly  open-air  exercises  are  the 
healthiest  and  stronf^est,  and  that  the 
dominators  ot  tiic  world  and  Us  trade 
to-day  are  the  people  who  are  furthest 
advanced  in  sanitary  science.  It  be- 
hoves us»  therefore,  as  a  nation  to  look 
to  our  laurels  and      that  we  continue 


fans,  and  without  the  use  of  air- 
dclivcry  ducts  inside.  That,  at  least, 
is  the  writer's  experience.  Positive 
Ventilation  aj^'ain  on  a  new  principle 
appears  to  the  author  to  be  the  best 
means  for  furnishing  fresh  air  with 
comf(jrt  at  all  seasons  in  offices,  bed- 
rooms, railway  carriages,  tramcars, 
cabins,  state  rooms,  etc.  The  atten- 


ne.  s* 


to  keep  lirst  in  everything  pertaining 
towards  progression  m  sanitation  and 

ventilation. 

The  proper  cooling  down  or  ventila- 
tion of  overheated  ent^'ine  rooms  above 
ground,  underground,  or  underdcck. 
of  electric  power  stations.  "  tube " 
railways,  workslioj^s,  tunnels,  etc., 
having  become  one  of  the  problems 
of  the  present  electric  age,  can  only  be 
solved  by  the  flooding  of  these  rooms 
or  places  by  fresh  air  in  volume  from 
the  outside  under  sliglit  pressure  by 


tion  of  readers  is  called  to  the  follow- 
ing new  methods  for  the  provisitm  of 
hcalthfuJness  and  comfort : — 
I.  Among  the  most  important  of 

the  cases  in  which  improvements 
have  been  effected  may  be  mentioned 
that  of  a  large  underground  electric 

Eower  station  in  the  Sinf,'er  Building, 
[ew  York,  where  the  total  cubical 
contents  of  air  (120,000  cubic  feet)  are 

changed  once  every  minute,  with  an 
expenditure  of  only  22  horse-power. 
Thrte  oj>cn  type  fans,  each  arranged 
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as  shown  in  Fig.  i,  have  superseded 
all  other  systems  hitherto  tried  in  this 
power  house,  and  secure  perfect 
ventilation  without  any  discomfort 
from  drauglits,  witli  much  less  power 
than  formerly  when  tlic  minimum 
inside  temperatures  ranged  from  alxuit 
loo  degrees  Fahr.  in  winter  to  about 
130  degrees  Fahr.  in  summer.  The 
air  disphiced  mostly  esca|>es  towards 
tlie  flour  level  into  the  boiler  house, 
thus  increasing  the  ventilation  and 
benefiting  the  draught  of  the  boiler 
fires  and  chimney.  A  somewhat 
similar  application  may  be  made  in  the 
case  of  a  "  tube "  or  railway  tunnel 
station.  ' 

2.  Another  example  (Fig.  2)  shows 
a  part  of  the  transverse  section  of  a 

large  rdntint  ntal  jiower  house,  where 
a  switch-board  house  about  500  feet 
in  length  has  been  satisfactorily 
ventilated  and  cooled  down  from  an 
abnormallv  high  temperature  by  ten 
fans  placed  in  the  ceiling  of  switch- 
board house  as  shown.  In  this  ca.se 
each  fan  has  a  25  inch  diameter  air 
inlet,  and  dchvers  at  700  revolutions 
per  minute,  q.ooo  cubic  feet  of  air  per 
minute  at  an  ex]>endifnrc  nf  1.400 
watts.  By  means  of  the  ten  fans  a 
chan|;c  of  qo.ooo  cubic  feet  of  air  per 
minute  is  thus  effected  in  the  switch- 
boar^  house  for  14.000  watts,  and  the 
point  to  Ix*  noticed  is  that  the  cool 
air  distributed  and  sent  into  the  power 
house  by  the  new  tvpe  of  open  fan  in 
such  big  volume  does  not 
produce  unpleasant  currents. 

It  may  here  be  noted  that 
the  data  given  for  the  Singer 
Building  Power  House  in- 
stallation have  been  vouched 
for  by  Mr.  W.  Carlile  Wallace, 
of  New  York,  .\ssoc.M.Inst. 
C.E..  M.Inst. N. A.. Eng..  who 
made  tests  with  the  assist- 
ance of  the  engineering 
staff  to  the  full  satisfaction 
of  the  chief  engineer  of  the 
Singer  Building  and  the 
Singer  Company.  The  in- 
stallation has  Ixen  in  full 
use  night  and  d^y  with  the 
exception  of  Simdays  for 
more  than  two  ynurs  past. 


Again,  the  fans  at  work  in  the 
switch-board  house  of  Saint  Denis 

power  House  were  installed  and  tested 
to  the  satisfaction  of  the  French 
rei)resentatives  of  Babcock  and  Wilco.x, 
Ltd.,  of  London. 

\.  Transverse  section  throtigh  engine 
room  of  one  of  tiie  great  Transatlantic 
Liners  (Fig.  3),  illustrating  the  applica- 
tion of  the  new  melliod  (if  Ventilation 
for  flooding  tlic  engine  room  with  cool, 
fresh  air  in  volume  (at  moderate 
pressure),  down  from  above  the  top 
deck,  by  means  of  which  a  complete 
change  of  air  lo  the  extent  of  0,000,000 
culnc  feet  per  hour  may  be  effected  by 
the  expenaiture  of  '>o  If. P.,  with  the 
result  of  the  great  reduction  of  the 
highly  heated  atmospheric  temperature 
inside,  and  of  the  giving  of  a  pheno- 
menal feeling  of  freshness  and  move- 
ment to  the  engine  room  atmosphere 
without  uncomfortable  draughts. 

It  will  lx>  seen  that  anv  strong  wind 
Wowing  into  the  large  bell-mouth 
inlets  on  top  deck  naturally  benefits 
the  installation,  the  jx-rijiheral  area  «>f 
the  open  fan  below  being  much  greater 
aburays  than  the  cross-sectional  area 
of  the  combined  downward  air  ducts. 

An  installation  on  the  above  princi- 
ple is  in  active  operation  on  board  the 
threat  Cunarder  Q.S.T.R.M.S.S.  Ltisi- 
tiiiiia.  by  means  of  which  100.000  cubic 
feet  of  fresh  air  ]>er  miniite  (in  excess  of 
what  has  hitherto  been  available)  arc 
delivered  at  about  i   inch  velocity 
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wattr-gauge  iiitu  tlie  central  turbine 
engine  room  in  manner  shown.  The 
ojK-n  fan  used  in  this  cast-  is  7  feet  6 
inches  in  outside  diameter,  has  a  72- 
inch  diameter  air  inlet,  runs  at  380 
revolutions  jxr  minute,  and  is  electric- 
ally and  directly  driven  by  a  40- H  P. 
shunt-wound  motor.  The  downward 
fresh  air  inlet  ducts)  liavc  been  en* 
larged  to  give  a  combined  cross- 
sectional  area  uf  40  square  feet.  A 
complete  change  of  air  is  now  given 
in  the  said  engine  room  to  the  extent 
of  eighty  times  its  air  cubical  contents 
per  honr,  instead  of  from  four  to  five 
times  |K'r  lioiir  onlv  as  formerly,  and 
the  high  temperature  of  150  degrees 
Fahr..  more  or  less,  hsa  been  reduced 
to  something  nearer  one-half  that 
temperature.  A  somewhat  similar 
installation,  but  on  a  larger  and  more 
complete  scale,  has  been  arranged 
and  is  at  ])resent  in  hand  for  the  engine 
rooms  of  the  even  greater  Cunarder  S.S. 
Aquitania,  now  launched,  and  nearing 
completion  on  the  Clyde,  by  means 
of  which  no  Jess  than  lO.zco.ooo  cubic 
feet  of  fresh  air  per  hour  will  be  de- 
livered (100  feet  down  below)  into  the 
three  engine  rooms,  or.  a  complete 
change  of  atmosphere  in  the  engine 
rooms,  to  the  extent  of  their  whole  air 
cubical  contents  twice  every  minute, 
will  be  effected.  These  installations 
were  definitely  decided  on  after  a 
visit  from  tlie  superintendent  engineer 
of  the  Cunard  Company  to  the  Singer 
Building  engine  room.  New  York. 

The  principle  of  the  arrangement 
and  application  is  lliat  the  cool,  fresh 
and  heavier  air  over  the  ocean  (especi- 
ally in  northern  latitudes)  is  drawn 
down  in  volume  from  the  upjjer  deck 
and  delivered  and  diffused  laterally 
bv  a  specially  designed  open  fan 
placed  as  low  down  in  the  cngme  room 
as  permissible,  flooding  the  whole 
engine  room  more  or  less  to  the  extent 
already  mentioned  with  air  at  con- 
siderable velocity,  but  so  distributed 
by  the  peculiar  action  of  the  fan  as  to 
avoid  draughts,  with  the  result  that  the 
cooler  incoming  air  of  greater  specific 
gravity  falls  towards^  the  floor  and 
displaces  or  exjx^ls  the  heated  and 
lighter  air  contents  bodily  up  the  main 
hatch  or  hatches  or  other  exits,  pre- 


ferably without  the  necessity  fur  extract 
fans  at  all.   A  similar  result  so  far 

only  as  air  volume  is  cnnccrncd  could 
be  obtained  by^  blowinjg  or  forcing 
the  same  quantity  of  air  downwards 
by  cased  fans  from  the  lop  deck  at 
practically  double  the  water-gauge 
above  in  order  to  get  the  necessary 
velocity  and  volume  below,  but  the 
expenditure  in  horse-power  would  be 
greater  while  the  air  distribution  in 
engine  room  in  such  volume  could  only 
make  for  nothing  but  micomfortablc 
draughts.  When  it  is  considered  that 
many  of  these  modem  underdeck 
(as  well  as  underground)  engine  rooms 
liavc  a  uniform  or  an  unvarying  over- 
heated "  windless  tdnmsphen  "  of  from 
at  least  100  degrees  Fahr.  in  winter 
to  150  (let^r*  es  Fahr.  in  summer,  not- 
withstanding the  usual  apparatus  in 
use  for  attempting  to  secure  so-called 
mechanical  ventilation,  tlie  seiiousntss 
of  Dr.  Leonard  Hill's  remarks  will  be 
better  appreciated. 

Reference  is  made  to  the  accom- 
panying curves  (Fig.  4)  showing  the 
horse-power,  revolutions,  and  volume 
of  air  of  four  sizes  of  open  fans  each 
having  a  40.  45,  50  and  55  inches 
diameter  air  iiUet  respectively,  and 
working  practicftlly  under  free  air 
conditions  or  as  described.  Should 
it  be  desired  to  know  the  output  fur 
other  sizes  of  these  fans  with  horse- 
power and  speed,  say,  for  instance, 
for  a  fan  having  a  Oo  inches  diameter 
air  inlet,  first,  refer  to  the  curve  to  see 
the  best  output  for  one  size  given  ; 
the  best  size  to  take  would  be  tlie 
50  inches  size,  viz.,  the  one  having  the 
increased  length  of  curve  shown  to 
give  a  better  range.  It  will  be  seen 
that  a  good  economical  output  for  the 
50  inches  size  would  be  40,000  cubic 
feet  \ycx  minute.  A  corresponding 
output  on  a  (k)  inches  size  would  be 
proportional  to  the  square  of  the 
diameter,  and  would  be  obtained  as 
follows : — 

40,000  X  60* 

 =  57,600  cubic  feet. 

The  s]>eed,  again,  will  be  inversely 
in  propui  tion  to  the  diameters ;  it 
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\vill  be  noted  that  the  speed  for  40.000 
cubic  feet  on  the  50  inches  size  fan  is 
410  revolutions,  so  that  the  speed  for 
the  60  inches  size  wiU  be 


410  X  50 


60 


=  342  revolttticms  per  minute. 


no.  9. 


rie.  6. 


The  power  will  be  in  direct  propor- 
tion to  the  ontputs,  thus :  the  hcnrse* 
power  for  the  50  inches  size  at  .jo  noo 
cubic  feet  will  be  seen  from  the  curve 
to  be  8.6p  therefore,  the  horse-power 
for  the  60  inches  sise  will  be 


8-6  X  57.600 


40.000 


- 12-4  h.p. 


section,  a  transverse  section,  and  an 

elevation  in  pi-rsjH'Ctive,  of  the  win- 
dow, railway  cairiage.or  wail  apparatus. 
i  The  main  feature  of  the  new  method 
and  syst'-m  is  the  drawinp  in  of  fresh 
air  direct  from  the  outside  by  a  small 
size  oTx>n  fan  either  of  single  or  double 
air  inlet,  the  fan  being  driven  by  a 
small  electrical  motor,  the  air  being 
propelled  into  the  room  or  other  en- 
closed pJace  through  a  comparativdy 
large  area  of  fine  wire  gauze  in  such 
minute  streaks  or  particles  that  good 
ventilation  may  be  obtained  without 
(lrani,'ht  disromforts.  These  electric- 
aily-run  ventilators  are  noiseless  when 
motcn^  only  run  up  to  1,200  revolutions 
per  minute,  and  give  full  volume  of  air 
for  ordinary  room  ventilation.  Where 
noise  may  be  permissible  in  the  running 
of  motors  at  higher  speeds  (as.  say,  in 
workshops,  railway  carriages,  etc.), 
over  tliree  times  the  amount  of  air 
may  be  obtained  from  the  same  size 
of  apparatus  by  the  use  of  larger 
motors  with  an  increased  expenditure 
of  electrical  cturent. 

Fit,'  8  is  an  end  elevation  of  the 
ventilator,  showing  its  application  to 
an  ordinary  window,  the  window  being 
placed  on  each  side  of  it  so  fill  up  the 
gaps.    When    installed     upon  the 


no.  7. 

In  this  way  the  curves  may  be  worked 
backwards  and  forwards,  based  on  the 
principle  that  the  output  of  the  fan  is 
prnpf>rtinnal  to  the  square  of  its  dia- 
meter at  e(|uivalent  peripiieral  sjJeed. 

4.  The  following  diagrams  illustrate 
different  forms  of  new  a])iiaratus  all 
electrically  run  for  giving  positive 
plenum  ventilation,  and  arc  ap^icable 
to  windows,  columns.  rail«*ay  carriages, 
etc. 

Fig^-  5.  6  and  7,  in  thoir  order 
represent  respcctivdy  a  longitudinal 


no.  I. 

window-sill  of  an  office  in  the  manner 
indicated,  the  ventilator  will  give 
witlxiut  noise  over  6,500  cubic  feet 
of  frrsh  "  live  "  air  every  hour,  with- 
out discomfort  from  draught.  This 
application  requires  but  24  watts,  or 
.8  carbon  8  candle-power  incandescent 
electric  lamp  current  for  its  operation  ; 
the  motor  running  not  more  than 
1,200  revolutions  pi  r  minute.  Tlm^. 
in  a  room,  say  lii  feet  in  len^tli  by  16 
feet  in  width  and  11  feet  m  height 
with  an  open  fireplace  or  chimney  exit. 
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with  two  windows,  and  having  one 

of  these  plenum  units  installed  in  ;n  !i 
window,  a  complete  change  of  air 
would  be  effected  to  the  extent  of 
13,000  cubic  feet  per  hour,  or  over 
four  times  the  whole  cubical  air  con- 
tents of  the  room  every  hour  at  an 
expenditure  of  electric  current  equiva- 


fto.  9. 


lent   to   I '6  carbon  8<andle-power 

incandescent  elect ric  lamp,  or  .}8  watts. 
The  window  ventilator  may  also  be 
provided  with  a  fine  tgauze  rain- 
proof screen  or  filtiT  on  the  air  inlet, 
outside,  for  the  screening  of  the 
air  of  dust  or  flies,  etc.,  before  it 
enters  the  ap])aratus. 

Figs.  9,  10  and  II  represent  respec- 
tively a  longitudinal  vertical  section, 
a  similar  section  with  fog  filter,  and  a 
transverse  section  of  a  column  or 
double-fan  inlet  plentmi  ventilator, 
for  pladngon  top  of  a  column  for  giving 
increased  ventilation  on  the  same 
lines.  When  the  ventilators  are  fitted 
with  fog  filters  or  absorbing  covers, 
as  shown  in  section  of  column  ventilator 
by  Figs.  10  and  11.  pure  filtered  air 
in  more  or  less  volume,  absolutely  free 
from  fog  or  other  deleterious  matter, 
may  be  poured  into  any  apartment 
all  the  time  free  from  draught  and 
impurity  discomforts,  aicording  to 
the  power  and  speed  of  the  electrical 
motor  provided.  The  column  plenum, 
ventilator,  as  shown  by  Fig.  9,  will  give 
without  noise  over  18,000  cubic  feet 
of  air  every  hour  without  draughts. 
Two  of  these  column  plenum  ventila- 
tors have  for  some  time  been  installed 
in  the  Masonic  Temple,  Queen's  Hotel, 
Manchester,  and  they  are  doing  full 
duty  without  noise. 


By  the  application  of  the  new  system 

to  railway  carriaf^es,  cabins,  and 
state  rooms,  the  whole  cubical  air 
contents  of  even  the  largest  rail- 
way carriages,  or  compartments  on 
board  ship,  may  be  replaced  by  pure, 
fresh  air  from  the  outside  to  the 
extent  of  from  five  to  ten  times  or 


no.  tt. 


more  per  hour ;  or,  by  the  use  of 
several  of  these  apparati,  a  crowded 
room  or  hall  may  be  supplied  with  the 
maximum  ventilation  required  per 
hour  per  head,  entirely  free  fromany 
draught  discomforts. 

5.  Up  to  this  point  the  writer  has 
dealt  solely  with  the  OOOluig  and 
freshening  of  the  atmosphere  hi  over- 
heated engine  roon»  and  other  apart- 
ments by  new  methods,  all  as  advo- 
cated by  Dr.  Leonard  Hill  on  the  score 
of  health.  Under  certain  circum- 
stances, however,  it  is  often  necessary 
to  furnish  fresh  air  in  volume,  either 
artificially  cooled  or  warmed,  l  ig.  12 
represents  an  example  of  an  electric- 
ally-run open  fan  installation,  having 
an  bo-inch  diameter  air  inlet  at  the 
floor  level,  and  an  external  diameter 
(if  00  inclies  maximum  at  the  fan, 
surmounting  a  steel  column  8  feet  in 
diameter  and  14  feet  in  height,  the 
installation  being  capable  of  handling 
quietly  So, 000  cubic  feet  of  cooled  or 
warmed  air  per  minute,  60,000  cubic 
feet  of  that  being  fresh  air,  and  20,000 
cubic  feet  oi  it  being  inside  ur  in 
circulation. 

Within  the  large  cylindrical  steel 
column,  (ooling  or  heating  elements, 
to  the  extent  of  1,500  square  feet, 
may  be  arranged,  to  give  the  desured 
temperature  to  the  air  coming  from 
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outside  and  propelled  into  the  hall  or 
other  larf,'c  apartment  in  which  the 
column  may  be  placed ;  while  the 
atmosphere  of  the  said  hall  or  apart- 
ment, in  which  the  ( oliimn  stands, 
may  be  circulated  at  pleasure  up 
through  the  movable  registers  "  A,  " 
in  order  to  keep  the  whole  air  of  the 
apartment  in  movement  even  at  the 
floor  level. 

In  ventilation,  like  other  things,  it 


Vte.  Scale  :  3- 16  inch      i  loot  ;  or,  llbOHt 

onc-sixticth  actual  »ize. 


is  the  realities  that  matter ;  and, 
althou{:;h  according  to  theory  or  rudi- 
mental  principles  it  would  appear  to 
be  equally  efficient  to  fnn c  air  down  or 
through  a  properly  proportioned  and 
constructed  duct  or  conduit  of  any 
given  lt  n{.;th  as  it  is  to  draw  air  down 
or  tluruugh  the  same,  in  the  experience 
of  the  writer  (esjx'cially  under  such 
unnatural  conditions  as  pertain  in  deep 
stokeholds  of  ^u-iit  liners)  this  docs  not 
always  appear  to  be  quite  the  case 
in  actual  practice,  unless  with  the 


addition  of  special  and  lar^  delivery 

or  distributing  diffusers  at  the  lower 
ends  of  the  air  ducts  in  order  to  secure 
the  full  value  in  increased  volume 
of  air  at  a  lower  velocity  for  the 
additional  power  expendeid  in  the 
hrst  instance." 

Another  example  may  with  ad* 
vantage  be  given  o{  an  arraniiement  for 
cooling  or  warmuig  (preferably  lor 
warming)  fresh  air  in  volume. 


no.  13. 


Fig.  13  represents  on  a  reduced  scale 
a  part  vertical  section  and  a  part 
elevation  of  an  ojwn  fan  installation, 
electrically  run,  for  delivering  either 
artificially  cooled  or  warmed  air  mto 
an  apartment  or  enclosed  space. 

If  for  warming  purjx)ses  the  air  would 
preferably  be  delivered  at  the  floor 
level,  this  can  be  done,  one  of  the 
main  feafuris  of  this  arrangement 
being  that  not  only  would  the  air 
be  most  efficiently  treated,  but  its 
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distribution  would  be  equally  good. 
As  seen  by  the  di.igram,  the  apparatus 
at  its  lower  part  is  shown  as  resting 
on  the  floor,  but  naturally  it  may 
also  be  constructed  for  fixing  at  a 
higher  level,  according  to  circum- 
stances and  the  intention.  In  this 
case  the  whole  may  be  connected  to 
a  fresh  air  duct  comitif,'  down  through 
the  roof  or  from  the  upper  portion  of 
a  building,  which  makes  the  arrange- 
ment somewhat  different  from  that 
shown  by  Fig.  12. 
Figs.  14,  15  and  16  again  represent 
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respectively  an  elevation,  a  transverse 
section,  and  a  longitudinal  section,  of 
whatmiglit  be  called  a  "  Rhigothermo  " 
(or  cold  or  heat)  ventilating  cased 
fan  {nstallation— electrically  run— for 
effectively  delivering  under  moderate 
pressure  an  abundant  supply  of  fresh, 
cooled,  diluted,  or  warmed  air  from 
the  upper  deck  of  i  modem  ocean 
liner  or  war  vessel,  down  to  the  various 
state  rooms,  cabins,  etc.,  below. 

When  it  is  stated  that  with,  say, 
a   difference    of    temperature   of  40 
degrees  Fahr.  between  the  temperature 
of  the  outside  air  in  cold  wealQier  and 
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that  of  the  air  delivered  into  the  deck 

duct,  every  1,000  cubic  feet  of  air  per 
minute  so  delivered  at  a  constant  2 
inches  total  water-gauge  pressure 
only  requires  in  motor  electrical  current 
the  expenditure  of  about  J  h.p,,  it 
will  be  seen  that  by  this  means  the 
very  highest  possible  etViciency  is 
obtainable.  So  f;ir  a-  the  writer  knows 
this  special  application  is  distinctly 
novel,  and  is  quite  different  in  prina- 


rio.*'is. 


pie  and  action  from  the  usual  method 
of  forcing  air  by  a  fan  at  a  much  higher 

initial  pressure  through  small  tubes 
in  a  cylinder  taking  infinitely  more 
power,  and  by  which  there  is  a  great 
loss  of  air  in  volume  before  it  is  ulti- 
mately delivered  at  the  lower  pressure 
necessary.  By  the  newer  method  and 
as  illustrated,  the  fan  draws  in  the  fresh 
air  and  propels  it  downwards  and 
freely  arountl  heated  or  cooled  sur- 
faces, and  compresses  it  only  to  the 
(Unlivery  pressure  necessary  for  the 
main  duct ;  thus  a  most  material 
increase  in  air  volume  and  saving 
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in  power  is  effected,  tliere  being  actually 
no  loss  in  air  volume  between  the  fan 
outlet  and  the  inlet  to  main  air  duct 
going  through  deck. 

Until  very  lately,  it  was  not  possible 
to  obtain  open  fans  capable  of  creatin;^ 


ric.  i6. 


a  water-gauge  to  any  extent  in  a  duct 
or  air-inlet  and  of  handling  air  so 
obtained  and  delivering  it  in  volume 
into  open  space  at  a  fairly  high  velocity  : 
but  now,  such  open  fans  iTia\  hv 
obtained  capable  of  effccti\<  lN  per- 
forming sucli  work  even  if  ami  when 
necessary  against  a  sialic  pressure  on 
the  delivery  side,  and  that,  too.  with- 
out backslip,  as  has  already  been 
stated,  and  as  the  examples  following 
may  show. 

Fig.  17  repre^ients  one  of  these  m  w 
types  of  open  fans  (direct  clectrically- 
dnven),  capable  of  giving  a  large 
volume  of  air  with  a  moderate  pressni  r 
of  from  I  inch  to  i  \  inch,  or  as  much 
as  up  to  2  inches  water-gauge. 

Fi^s.  18  and  19  again  represent  the 
application  of  the  new  method  of 


ventilation  to  a  general  shipping  or 
otlier  public  office  for  the  purpose  of 
freshening  up  the  atmosphere  and 
keeping  it  pure,  sweet,  comfortable 
and  e(iuablc  in  temperature  at  all 
times  of  the  year. 

By  means  of  this  installation  a  flow 
of  fresh  air  in  volume  of  approxi- 
mately 3,000  cubic  feet  per  minute 
in  cold  weather  and  5,000  cubic  feet 
I>er  minute  in  summer  without  appreci- 
able cold  draughts,  or,  respectively, 
a  complete  change  of  the  whole  cubical 


riG.  17. 


air  contents  of  the  nftice  to  the  <  \tcnt 
of  sixteen  times  an  hour  in  winter 
and  twenty-seven  times  an  hour  in 
summer,  may  be  obtainable  at  an 
expenditure  of  electrical  current  for 
the  motor  of  only  about  from  |  h.p. 
in  winter  to  j  h.p.  in  summer.  The 
fresli  air — taken  from  at  least  12  feet 
above  the  street  level — by  the  noiseless- 
running  electrically -driven  open  fan 
(having  a  25  inch(>s  diameter  air  inlet 
and  running  at  from  260  minimum 
to  460  mascimum  revolutions  -per 
minute)  would  thus  he  delivered 
horizontally  between  the  two  ste^l 
discs,  either  warmed  or  cold,  along 
the  ceiling  of  the  office  at  from  Q  to 
10  feet  from  the  floor  level,  and  then 
would  gradually  fall  towards  the  two 
fireplaces,  tending  to  increase  the 
hrttt  r  draught  of  the  chimneys.  From 
the  disc  abovi- the  fan  a  ( otinii  or  other 
fringe  would  hang  (as  shown  by  dotted 
lines  at  "  A      "  A  ")  which,  being 
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flexible  from  the  lower  edge,  would  destroyers.  The  open  fans  with  air- 
indicate  visibly  and  effectively  the  inlets  up  to  30  inches  diameter  are 
constant  movement  of  the  air  handled,  capable  of  being  safely  run  on  test 
and  would  assist  the  imagination  of    up  to  2.000  revolutions  per  minute, 

and  have  been  so  run  on  official  test 
in  London,  in  Washington,  and  on  the 
Clyde,  while  in  practice  they  are  being 
run  on  the  "  Terry,"  "  Chauncey," 
etc.,  at  1,600  revolutions  per  minute, 
each  delivering  20,000  cubic  feet  of 
air  per  minute  against  a  static  water« 
gauge  of  5  inches  in   the  stokeholds. 

Diagram  21  represents  test 
curves  made  at  Hartford,  Conn., 
United  States,  by  the  Terry  Steam 
\  Turbine  Company,  in  presence  of 
j  Mr.  W,  Carlile  WsiUace,  C.E.,  Assoc. 
M.Inst.C.£.,  M.Inst.N.A..  Eng.,  with 
open  type  fan  (as  per  Fii,'  20),  having 
25  inches  diameter  air  inlet,  directly 
driven  by  a  Terry  Steam  Turbine, 
in  order  to  ascertain  the  combined 
efficiency  of  tlie  said  Open  Fan  and 
Steam  Turbine. 

The  curves  (Fig.  22)  show  the  volume 
and  efficiency  and  volume  and  speed 
at  I  inch  stade  water-gauge  when  the 
fan  was  exhausting  from  a  35-inch 
diameter  tube.  This  test  was  taken 
on  one  of  the  open  fans  for  the  Terry 
Turbine  Company,  Hartford,  Connecti- 
cut. 

By  these  two  curves  it  is  possible  to 
arrive  at  the  power  taken  by  the  fan 

m 
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sensitive  inmates  that  a  constant 
change  of  air  was  being  effected  with- 
out any  felt  draughts. 

This  new  type  of  open  fan  (strength- 
ened) as  shown  in  Fig.  20  has  ^en 
called  for  by  the  British  and  United 
States  Naval  Authorities  for  placing 
in  the  latest  torpedo-boat  destroyers, 
and  has  been  specially  constructed 


rm 
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for  being  directly  driven  by  high- 
speed steam  turbines  to  give  large 
volumes  of  air  against  a  high  water- 
l^uge  with  a  combined  efficiency. 
These  open  fans  have  been  satisfactorily 
installed  in  the  "  Terry,"  "  Chauncey, 
and  other  United  States  Government 
torpedo  boat  destroyers,  and  are 
also  being  supplied  to  the  latest  British 


and  the  speed  at  which  it  should  run 
for  any  duty  within  its  range.  To 
do  this  it  is  necessary  first  to  divide 
the  volume  required  by  the  square 
root  of  the  water-gauge  required. 
This  will  give  the  point  on  the  base 
line  from  which  to  work,  as  by  noting 
the  corresponding  points  on  the  two 
curves,  the  efficiency  and  speed  can  be 
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source  from  which  to  obtain  the 
fresh  air  supply,  all  loc  al  or  surrounding^ 
smells  or  cuntaniinations  art;  cllt'Clu- 
ally  kept  out  of  the  apartments  or 
places  treate<l,  while  with  an  ample 
volume  of  fresh  air  iniectcd,  the 
vitiated  air  is  thmoughly  displaced 
and  <\  polled  through  the  proper  exits 

pro\ideil. 

It  goes  without  saying  that  where 
the  external  sourer  may  Ik?  suspicious 
or  where  the  air  supply  may  be  dust" 
laden  or  smoke-contaminated,  the  said 
air  siij)ply  may  require  to  be  screened 
anil  cleansed  b<'fore  it  may  b<'  propelled 
into  buildings  containuig  valuable  and 
delicate  machinery  or  stock  and  where 
there  may  be  many  human  workers. 

In  the  case  of  the  Singer  Building 
(Example  i).  for  instance,  the  only 
source-,  availahlr  wire  the  side-walk 
of  Lilx  rty  Street  on  the  one  side,  and 
the  open  area  between  the  wings  of  the 
building  block,  from  which  the  fresh 
air  for  the  fans'  supply  is  drawn  into 
large  chambers  tlirough  considerable 
areas  of  damp  berlap  before  it  passes 
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obtained.  This  speed  will  require 
multiplying  bv  the  s(|uarc  root  of  the 
water-gauge  rc<|uired,  and  from  the 
efficiency  the  (power  can  be  obtained 

by  working  out  the  httrse-power  in 
the  air,  and  dividuig  by  the  efhciency. 


rio.730. 


The  following  formula  will  give  the 
horse-power  in  the  air : — 

H.P  in  air  -  —  — 

33.000 

This  divided  by  the  efficiency  will 


give  the  horse-power  required  or, 
simplified : — 

tto  •M«t«^  _Cub.  ft.  per  min.  x  W.G. 
H.P.  t«quired  -  -       -  ^-  gjf^^ig^-  ^ 

It  nuiy  be  noted  that  one  great 
advantage  of  these  methods  of 
ventilation  is,  that,  given  a  pure 


into  the  inlet  conduits  and  is  delivered 
by  the  fans  into  the  engine  room.fT 

Although,  as  Dr.  Leonard  Hill  has 
well  said,  the  open  fire  and  wide 
chimney  ensure  ventilation,  those 
only  apply  to  conii)arativcIy  small 
rooms  when  not  crowded,  and  in  the 
United  Kingdom  which  is  the  only 
country  where  open  fires  are  really  in 
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general  use :  what  the  doctor  has 
called  a  sufficient  draught  of  cool  and 
relatively  dry  air  -conducive  to  ^ood 
health — in  crowded  places,  and  especi- 
ally in  overheated  engine  rooms  and 
such  like,  ran  only  be  effectively  and 
comfortably  obtained  by  methods 
similar  to  those  described  and  iUostrated. 
Of  course,  beyond  certain  limits  it 


Fahr.  more  or  less  ;  and,  from  practical 
experiments,  he  is  convinced  that  under 
such  c:ircumstanr(*s  a  chans^e  of 
atmosplierc  to  almost  any  reasonable 
extent  is  quite  practicable  by  the  new 
method  advocated  and  as  shown  in 
Examples  I,  2,  3»  and  5,  without  caus- 
ing any  disc(Mnfort  from  draughts. 
Dunng  recent  years  many  salutary 


may  not  be  advisable  nor  permissible 

to  propel  immense  volumes  of  very 
cold  air  into  all  kinds  of  buildings, 
but  in  the  opinion  and  experience  of 
the  writt  r.  the  limit — i*ven  when 
completely  clianf^inf^  the  cubical  con- 
tents of  air  120  times  an  hour  lias  not 
yet  been  reached  in  the  case  of  what 
mi^ht  bi'  callfd  a  "  torrid  "  or  "  tropi- 
cal "  engine  room,  stokt  hold,  or  work- 
shop having  an  atmosphere  so  sultry 
as  may  be  approaching  150  degrees 


laws  have  been  passed  by  Parliament 
for  the  better  ventilatMin  of  Victories 

for  certain  industries,  mines,  and 
workshops  in  particular  unhealthy 
trades,  but,  as  may  be  seen  from  the 
published  death  records  pertainint?  to 
other  particular  trades  and  districts, 
it  is  evident  that  much  more  requires 
to  be  done  in  \hv  securing  of  adequate 
light  and  air  space,  fresh  air,  and  cool- 
ness in  overcrowded  and  underground 
enclosures. 
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AT  BRISTOL 

SOMB   OF   THE    ENGINEERING  EXHIBITS 

By  A  ComipopdtiH 


IF  one  were  asked  to  state  briefly 
the  most  noticeable  features  on 
the  engineering  side  of  the  "Royal" 
show  of  this  and  recent  years,  it  would 
not  be  far  from  the  mark  to  say  that 
they  are  to  be  seen  in  the  steady  and 
remarkable  progress  of  tlie  internal 
combustion  engine  in  its  various 
applications  to  farm  work,  and  its 
encroachment  upon  the  domain  of  the 
Steam  engine ;  the  rise  of  the  light 
tractor  and  self-propelled  wagon  in 
connection  with  the  cheap  transport 
problem,  and  generally  in  the  increased 
and  increasing  uses  of  mechanical 
appliances  in  connection  with  farm, 
or,  to  put  it  more  broadly,  agricultural 
work. 

It  is  tnie  that  at  these  shows  we 
find  a  good  many  exhibits  which  it 
would  require  a  considerable  exercise 
of  imagination  to  connect  directly 
with  farm  work,  for  instance,  lx)at 
propelling  machinery,  and  high  power 
engines  of  60  to  as  much  as  150  H  P., 
but  on  the  other  hand  there  is  no  lack 
of  examples  which  clearly  illustrate 
the  points  mentioned. 

It  is  only  a  very  few  years  since  the 
first  introduction  of  the  petrol  and 
parafi&n  engine,  the  self-propelled 
wagon,  and  still  more  rerently,  the 
tractor  system  of  plougliing  in  a 
commercially  successful  way.  At  first 
all  these  were  looked  upon  as  curiosi- 
ties, by  many  they  were  scoffed  at, 
but  to-day  they  are  not  only  recognised 
and  accepted,  but  th(  \'  arc  ]ir(i\  ing 
the  possibility  of  doing  things  in  a 
commercially  economical  way  that 
had  previously  been  deemed  impos- 
sible. 

When  a  tirm  like  Fowler's,  of  Leeds, 
exhibit,  as  they  have  done  this  year, 
not  only  an  internal  combustion  traction 
engine,  but  also  a  small  sin^'le  or  double 


furrow  plough  worked  by  a  petrol 

motor,  it  brings  home  to  us  the  extent 
of  the  revolution,  for  it  can  l>e  called 
nothing  less,  through  which  we  are 
passing. 

One  of  the  re^niarkable  incidents  of 
the  situation  is  the  effect  upon  the 
steam  engine.  Just  as,  years  ago,  the 
introduction  of  electric  lif,'litinf^  for 
domestic  purposes  led  to  immediate 
and  far-reaching  improvements  in  gas 
lij,'hting,  which  enabled  the  latter  to 
hold  its  own,  and  even  more  than 
hold  its  own  with  its  formidable  com- 
petitor, so  we  find  that  the  steam 
engineers,  stinuilntcd  hv  the  internal 
combustion  un  adi  r,  ha\  e  set  their 
wits  to  work  to  improve  the  steam 
engine,  so  that  it  also  may  be  able  to 
hold  its  own. 

The  result  is  seen  in  the  adoption  of 
higher  boiler  pressures,  the  use  f»f 
superheaters  and  feed  water  heaters, 
more  care  in  protection  of  heat  radiating 
surfaces,  and  in  design  throughout. 
So,  the  steam  engine  is  not  dead  yet  by 
any  means,  but,  notwithstanding  all 
the  improvements,  it  is  still  heavily 
handicapped  in  the  matter  of  the 
carriage  of  its  fuel  and  water  supply, 
and  because  it  is  so  much  less  con- 
venient and  compact  in  regard  to  the 
space  it  occupies.  It  would  be  impos- 
sible in  the  space  at  our  disposal  even 
to  name  the  exhibits  at  the  Royal 
Show,  but  in  the  following  pages  will 
be  found  descriptions  and  illustrations 
of  a  small  selection,  L;i\  t'n  inalphalx  ti 
cal  order  of  the  names  of  the  exhibiting 
firms : — 

Alli :v  cS:  MacLell.an,  Ltd.,  Glas> 
gow.  "  The  Sentinel  "  steam  wagons 
built  by  this  hrm  enjoy  a  reputation 
which  could  only  be  due  to  their 
good  and  consistent  work  on  the  road. 
Two  types  are  made,  viz.,  an  "  under- 
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type,"  in  which  the  engine  is  placed  can    be   dropped    for    cleaning.  A 

underneath  the  main  frame,  and  an  superheater  of  solid  drawn  steel  tubing 

"  overhead  "  type,  in  which  the  engine  is  fitted  in  the  smoke  box,  the  design 

is  placed  on  top,  of  the  engine  being  such  as  to  permit 

r 


I 


W.tCON    WITH    KVDXAI-I.IC    TIPPER,    BV    ALLKV    AND    MACLELLAM     LTD.     OP  CLASCQW 


Our  illustration  shows  one  of  the 
former  fitted  with  an  end  tipping  body- 
The  special  features  embody  so  many 
points  of  interest  that  it  is  impossible 
even  to  specify  them  here,  but  it  may 
be  said  briefly  that  they  comprise  a 
vertical  multitubular  boiler,  an  all- 


of  the  use  of  superheated  steam  with 
marked  advantage.  The  working 
steam  pressure  is  230  lbs.  per  sq.  inch. 

The  tipping  mechanism  of  this 
wagon  deserves  attention  from  its 
compactness,  simplicity,  and  the  ease 
and  rapidity  with  which  it  operates. 


MOTOR   KOAO   XaLLER,   HANUFACTl'REU   UV   MtSSRS.   BARFORD  &   rKRKINS  l-TI>.,  PKTRRROROtTr.H. 


enclosed  double  cylinder  engine" fitted 
with  long  pistons,  and  poppet  valves, 
and  central  pivot  steering.  The  boiler 
is  of  the  water-tube  variety  and  is  so 
designed  that  the  firebox  and  tubes 


It  consists  of  an  hydraulic  cylinder 
suspended  by  trunion  brackets  to  the 
main  frame  and  fitted  with  a  ram 
whose  top  end  is  attached  to  the 
under  side  of  the  box  body.  Water 
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is  supplied  by  a  steam  pump  capable  of 
producing  a  pn  ",ure  of  400  lbs.  per 
sq.  inch,  which  is  also  arrani^cd  for  use 
as  an  alternativL'  boiU-r  feed,  and  the 
Operation  of  discharging  the  load  and 
returnintj  the  hodv  to  its  normal 
position  occupies  only  tliree  minutes. 

Standard  "  Sentinel  "  wagons  are  of 
tons  capacity,  but  they  will  haul 
an  additional  four  tons  on  a  trailer. 

Barpord  and  Perkins,  Ltd.,  Peter- 

BORoir.H. — The  patent  watiT  ballast 
motor  road  rollers,  of  which  we  believe 
this  firm  were  the  original  pioneers, 
have,  like  many  others  of  the  off- 
sprinc^  of  the  p(<tioi  motor,  proved  their 
value,  and  lirmly  established  them- 
selves in  public  estimation  in  a  perio<l 
of  time  so  short  as  to  be  more  like 
romance  than  reality.  It  is  hard  to 
realise  that  the  first  of  these  machines 
offered  was  exhibited  and  sold  onlv 
eight  years  ago,  and,  moreover,  it  speaks 
well  for  the  soundness  of  its  design  and 
COnstniction  when  it  is  stated  tliat  it 
has  been  in  regular  use  during  these 
eight  years,  and  is  so  still.  The  exhibit 
of  rollers  by  Me^-rs.  Barford  and  Pi  1 
kins,  at  the  Bristol  Show,  embraced 
four  different  sizes,  from  11  tons  down 
to  about  30  cwt.,  the  last-named  being 
sppciallv  tisefnl  for  ai;ricultnral  pur- 
poses, as  also  for  golf  clubs,  race- 
courses, cricket  grounds,  and  so  on. 
Beginning  at  first  with  petrol  motors, 
the  firm,  after  a  course  of  careful  ex- 
periments and  severe  tests,  produced 
one  suitable  for  using  paraffin  fuel,  and 
these,  since  their  introduction,  have 
proved  quite  successful.  Although  the 
roller,  of  which  we  give  an  illustration, 
has  not  altered  much  in  general  appear- 
ance since  its  first  introduction,  altera- 
tions and  improvements  have  been 
made  from  time  to  time,  as  e.xperience 
has  indicated  their  necessity.  The 
engine  and  driving  gear  have  received 
special  attention,  w  ith  a  view  to  making 
every  jpart  simple  and  strong.  To  the 
front  head  has  been  fitted  a  patented 
spring  device,  with  the  object  of 
reducing  vibration  and  giving  the 
advantages  of  a  sj^ring  drive ;  the 
diameter  of  the  front  rollers,  also,  has 
been  increased.  l"or  foreign  countries 
these  motor  rollers  have  proved  mar- 
kedly suocesshil,  independence  of  coal 


and  water  permitting  of  their  use  in 
situations  where  steam  would  l>e  im- 
possible. They  have  also  found  an 
extensive  field  in  the  making  of  tar- 
macadam  roads,  for  which  a  machine 
of  5  to  S  tons  is  most  suitable. 

The  CA.Mi'KtLL  (.j.\s  Engine  Co., 
Ltd.,  HALIF.AX. — From  amongst  the 
large  rani,'e  of  ^as  and  f>il  entwines  on 
this  firm  j»  stand  we  have  selected  one 
of  their  high  compression  erode  oil 
typ<'  for  de>cripti()n.  As  is  necessary 
in  an  engine  of  the  kind,  the  construc- 
tion is  on  particularly  heavy  and 
massive  lines.  It  operates  on  the  well- 
known  "  Otto  "  or  four-stroke  cycle, 
and  the  fuel  is  injecti'd  into  the  vapor- 
i>er  through  a  special  form  of  atomiser. 
.■\s  the  point  of  fuel  inji  (  tion  is  only  at 
the  end  of  the  compression  stroke,  any 
tendency  towards  pre-ignition  or  back- 
tiring  is  eliminated.  I'or  --tartint;  up. 
a  heuting  lamp  is  used  for  a  few  minutes, 
but  once  the  engine  is  running  this  is 
not  required,  as  the  heat  maintained  in 
the  vaporiser  is  sufticient  to  ignite  the 
charge  automatically.  It  is  claimed 
that  this  engine  will  use  practically  any 
kind  of  crutle  oil  so  lonp  a->  it  will  pass 
through  a  halt-inch  pipe,  and  as — not- 
withstanding the  high  compression — 
there  is  no  water  injection,  or  com- 
])licatiotis  of  that  kind,  tlu;  working 
parts  are  commendably  few  and  simple. 
Special  attention  has  been  given  to  the 
question  of  lubrication,  the  arrange- 
ments for  which  are  of  the  most  com- 
plete and  efTicient  kind,  including 
pump  forced  feed  to  cylinder  and 
piston,  automatic  ring  oilers  for  crank 
and  camshafts,  aiid  centrifugal  type, 
with  sight  feed,  to  connecting  rod 
big  end.  This  type  of  engine  has 
proved  remarkably  efficient,  and  ex- 
perience has  shown  that  the  actual 
brake  power  developed  on  test,  is 
well  over  the  figures  specified  in  the 
firm's  lists.  The  Campbell  Engine  Co 's 
long  experience  in  the  manufacture  of 
gas  and  oil  engine  extends  over  a  long 
period  of  year-^.  and  it  has  stood  them 
in  good  stead  in  enabling  them  to  attain 
high  rates  of  economy  and  efficiency, 
combined  with  good  practical  design. 

Cl.\vt(in  .\ni)  Sui  tti  kworth.  Ltd. 
Lincoln.— Our  illustration  represents 
one  of  this  firm's  3-ton  standard  steam 
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^vaKons.  which  is  of  the  "  overhead  " 
type,  the  final  drive  t»)  rear  wheels 
beinfi  hv  roller  chain.  The  l)oiler  is  of 
the  "  Kelpaire  "  loco  typo,  which  has 
heen  fonnd  entirely  successful  for  all 


ytOH   SfKI^M    W;«Ct1N    SHOA'N    hV    Mt^'i'^R'^.   CI.WlUN  Sl 
WORTH,  LIO.,  Ol-  tlSCOLS. 


their  self-propelled  engines ;  the  work- 
int,'  pressure  is  200  lbs.  jjer  sq.  inch. 
The  engine  is  compound  and  carefully 
balanced,  and  particular  care  has  been 
taken  to  have  a  quite  silent  exhaust. 
At  normal  engine  .speed  this  wagon 
travels  on  the  road  at  3  or  6  miles  per 
hour,  as  required.  All  the  ge^irs  are 
cut  from  special  steel,  inclutling  the 
differential,  which  latter  runs  in  an 
oil-fight  casing.  Road  wheels  are  very 
strong  and  wide,  built  of  steel  withC.I. 
hubs,  and  faced  with  wide  hard  steel 


diagonal  strips.  For  certain  kinds  of 
working  conditions  rubber  tyred  wheels 
can  be  fitted. 

Crosslhy  Brothers,  Ltd.,  Man- 
chester.— To  those  interested  in  gas 
and  heavy  oil  engines  the 
Crossley  stand  is  always  a 
centre  of  attraction  ;  and,  as 
might  have  bicn  expected, 
the  firm's  hue  display  at 
Bristol  was  fully  up  to  their 
usual  high  standard.  They 
showed  five  of  their  latest  type 
engine's,  ranging  in  size  fnun 
S  U.l'.  t<»  70  M.F..  working 
on  town's  gas.  suction  gas, 
and  oil.  titgether  with — and 

sill  iTLi.-  — 

their  new  o|H'n-hearth  patent 
gas  plants. 
The  leading  features  of  the  Crossley 
engines  are,  mas>ive  construction  ; 
with  cylinders  supjxirtid  for  ilieir 
entire  length,  and  all  valves  arrangrd 
vertically  ;  a  simple  antl  s\  mmetrical 
form  of  combustion  chamber  in  one 
casting ;  no  unwatered  valve  covers, 
and  no  bolts  or  fixing  studs  situated  in 
the  water  spaces  where  they  would 
be  subject  to  corrosion  ;  a  complete 
and  elhcient — and  adjustable  —system 
of  lubrication  ;  good  governing,  and, 
in  general,  scientific  design  and  con- 
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struction  throughout,  combined  with 
the  highest  class  of  material  and 
workmanship.  The  accompanying; 
iUustration  shows  one  of  their  new 
engines  in  which  the  symmetrical 
and  simple  disposition  of  the  parts  will 
be  noticed. 

Another  interesting  exhibit  was  one 
of  their  horizontal  semi-Diesel  engines, 


designed  to  overcome  certain  diffi- 
culties commonly  experienced  with 
the  usual  closed  hearth  type,  in  which, 
wlitn  using  the  poorer  or  smaller 
grades  of  anthracite  or  coke,  there  is 
a  tendency  for  the  fuel  to  adhere  to  the 
sides  of  the  firebrick  lining,  and  also 
for  clinker  and  ash  to  choke  the  fire 
grates. 


ANOllllB   OIL   ENGINE  SiUIIABLt:    FOR   F.\RM    1^1     E.XHtltltru   BV   MEssRS.  CROSSLtV    bKUS.,  IIO. 


suitable  for  using  almost  any  kind  of 
crude  oil  or  distillates.  These  engines 
are  built  in  sizes  up  to  loo  B.H.P., 
using  moderate  compressions.  In- 
jection of  the  fuel  is  effected  by  means 
of  a  powerful  pump. 

The  new  patent  suction  gas  plant 
which,  as  already  remarked,  was 
exhibited  for  the  first  time,  has  been 


In  the  new  Crossley  plant  these- 
objections  have  been  entirely  elimi- 
nated, by  providing  a  series  of  poke 
holes  on  toj)  t)f  the  generator,  through 
which  a  poker  may  be  used  to  detach 
any  clinker  that  may  atlherc  to  the 
lining,  the  holes  being  so  situated  that 
the  poker  works  in  a  line  parallel 
with  and  imnKnliately  adjacent  to  the 


■TAfL-KT  MOTOR   fLOlbM    JillOWN   OV    ML^^Ha.   J,   lOWkEK   &   CO.,  LID.,  OF  LLtUS, 
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brickwork  and  so  that  every  part  of 
the  hning  is  accessible.  There  arc 
many  other  details  which  might  be 
noticed  did  space  iK'rmit.  It  must 
suffice  here  to  say  that  the  plant 
embo<lics  every  improvement  sug- 
gested by  past  experience,  and  is  said 
to  realise  in  practice  the  advantages 
expected  of  it. 

Our  smaller  illustration  shows 
what  Messrs.  Crossley  term  "  the 
simplest  oil  engine  made,"  and  certainly 
its  appearance  does  not  belie  the 
description.  It  is  made  in  sizes  from 
li  to  5  B.H.P.,  and  is  designed  to  use 
paraffin,  and  by  persons  who  may 
have  little  or  no  knowledi^c  of  engines, 
to  whom,  therefore,  simplicity   is  of 


oil  tractor,  and  the  Fowler-Wyles 
patent  motor  plough,  both  of  which 
we  illustrate. 

The  oil  tractor,  which  weighs  in 
working  order  about  f)  tons,  is  designed, 
as  will  be  noticed,  on  traction  engine 
lines,  and  it  differs  from  those  usually 
made,  in  that  the  engine  is  horizontal 
and  is  mounted  on  top  of  a  frame 
resembling  a  locomotive  steam  boiler, 
the  side  plates  of  the  firebox  being 
extended  to  carry  the  engine,  whilst 
the  barrel  forms  a  fuel  reservoir  with 
a  capacity  for  three  days  working. 
The  gearing  is  enclosed  in  the  space 
usually  occupied  by  the  firebox  and 
is  thus  completely  protected  from  dust. 
A  centrally  p')siti(»Me<l  winding-forwar<l 


rou-LER  &  co.'i  }u  a.H.p.  inti:k.nal  coKBi^sriON  tractiom  enoinc. 


particular  moment.  As  there  is  only 
one  cam  and  lever  in  the  valve  gear 
there  is  not  much  chance  of  anything 
going  wrong,  nor  is  there  much  to 
keep  clean,  so  it  would  be  difficult  to 
imagine  anything  more  suitable  for 
farm  work. 

John  Fowler  .\nd  Co.  (Leeds), 
Ltd.,  Leeds. — In  addition  to  their 
usual  fine  display  of  compound  steam 
ploughing  engines  and  implements 
suitable  for  tlieir  well  tried  double 
engine  system,  heavy  road  hicomo- 
tives  and  general  purpose  traction 
engines,  there  were  two  items  on  their 
stand  which  attracted  well-deserved 
attention  ;  we  refer  to  their  patent 
50  B.H.P.  "  road  locomotive  type  " 


dnim  is  fitted  which  pulls  the  load 
direct  up  to  the  coupling  point  of  the 
draw  bar  instead  of  to  the  side  as  is 
usually  the  case.  The  |K)wer  is  trans- 
mitted through  a  friction  clutch,  and 
gearing — with  change  s|x*ed  pinions 
operated  by  levers  from  the  footplate — 
to  rings  of  gear  with  internal  teeth 
secured  to  the  hind  wheel  rims.  The 
engine  is  spring  mounted,  back  and 
front,  and  every  detail  has  been  most 
carefully  consitiered  and  fully  pro\ed 
on  the  roatl. 

The  l"owler-\\*yles  motor  plough  is 
quite  a  new  departure.  It  has  been 
designed  to  meet  the  demand  for  ;i 
small  self  contained  motor  plough 
capable  of  doing  general  farm  work 
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such  as  is  usually  (Kmc  by  horses,  and 
specially  suilabk*  for  iiso  in  narrow 
strips  as  in  orchards,  vineyards,  hop 
^;ardens  and  iIk-  like.  Usinj^  i)araftin 
fuel,  this  marhine  has  been  proved 
capable  of  doinf^  twice  as  much  ploUK'h- 
in;,'  as  a  team  of  lior>es  an«l  al  about 
half  the  cost  jxt  acre.  Kither  single 
or  double  furn>w  plouf^lis  mav  be 
used,  and  tlic  shares  can  be  srt  to 
cut  any  width  or  depth  of  furrow 
within  the  power  (»f  the  en^^ine.  The 
engine  is  sin{,'le  cylinder,  and  special 
attention  lias  been  paid  to  ensure 
eflir  ient  coolintr  whicli  will  be  found 
ample  for  any  climate.     The  driving 


factory  and  ethcient.  They  are  fitted 
with  motors  suitable  for  either  paratVm 
or  petrol,  and  this  latest  tyi>e  is  pro- 
vided with  a  nvw  design  of  gear- 
box which  gives  three  speeds  of  4, 7  and 
II  miles  per  hour  respectively.  The 
question  of  ;n  <  (■»>ibility  has  bn  ii  care- 
fully studii'd.  an«l  the  brush  drive  auil 
gear  being  pla<  rd  at  the  bai'k  and  well 
away  from  the  enginr  and  gear-lK»x,  the 
latter  are  easy  to  get  at.  A  special 
feature  is  the  arr.ujgement  by  which 
the  brush-raising  lever  can  be  so 
adjusted  as  to  give  just  the  necessary 
pressure  «»f  the  brush  on  the  road. 
Mts>rs.  (ireeii  and  t  o.  exhibited  also 
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wheels  are  capable  of  independent 
vertical  adjustment,  while  in  motion  ; 
the  right  hand  wheel  being  designed 
to  run  in  the  furrow  and  so  making 
the  machine  self-steering.  Balancing, 
as  it  dt)es,  on  the  driving  wh«<  ls.  the 
ma<  hine  can  be  turned  at  tlu'  head- 
lands with  a  mininmm  of  effort.  Auto- 
matic lubrication  is  pr<)vi«led  through- 
out, and  the  design<'rs  have  kept 
prominently  in  view  strength  of  (on- 
stniction  and  simplicity  of  w<)rking, 
in  regard  to  l>oth  of  which  |>4)ints  the 
unrivalled  experience  of  the  hrm 
places  them  in  an  unitjue  position. 

TllOM.AS     (iKIiHN     .\ND     SoN,  I-TD., 

IjiliDS. — The  motor  street  sweeper, 
which  we  illustrate,  is  one  of  the  latest 
jinuluctions  of  this  firm,  and  embodies 
the  results  of  experience  gained  during 
the  past  three  years,  during  which  they 
have  made  a  considerable  number  of 
these  machines.  \Vc  understand  that 
many  large  nmnicipalities  arc  now  using 
them,  and  finding  them  most  satis- 


a  neat  5-ton  motor  road  roller.  These 
they  now  make  in  several  sizes,  most 
of  which  can  be  arranged  on  the  water 
ballast  system. 

Tin-.  Inteknational  Harvester 
Co.,  London.  .\  good,  plain,  simple  and 
serviceable  looking  typo  of  vertical 
petrol  engine  is  marketed  by  this 
company,  the  general  features  of 
whii  h  are  shown  by  the  accompanying 
photo.  Horizontal  engines  arc  also 
mad*',  but  in  working  details  they  are 
very  similar,  so  a  description  of  one  ty|x> 
will  suffice.  The  engine  is  one  of  the 
class  in  which  the  cvlimler  head  —which 
contains  the  inlet  and  exhaust  valves — 
is  made  in  a  separate  piece  which  can 
be  easily  detached  at  any  time  for 
examination  and  cleaning :  cooling  water 
is  circulated  through  the  jacket  space 
by  a  small  pump  from  a  sup{)ly  tank, 
which  is  clearly  seen  in  the  illustration. 
This  tank  has  a  cone-shajied  cf)ver  of 
coarse  mesh  galvanized  wire,  and  the 
return  hot  water  is  caused  to  trickle 
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over  this,  so  that  it  is  cfficiontlycooktl. 
There  are  two  flywheels  and  a  driving 
Ix'lt  pulley.  Built  on  to  one  of  the  fly- 
wheels is  a  centrifu{,'al  tyjic  f,'overnor 
whieh  controls  engine  spei'd  elfeetively 
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by  a  hit  and  miss  arrang*  ment  aeting 
on  the  exhaust  valve,  this  latter  being 
held  ojH'n  for  light  l(»a«l,  and  thus 
preventing  the  automatic  inlet  valve 
from  functioning.  In  operation  this 
arrangement  works  very  satisfactorily, 


showing  g<»od  control  on  large  and 
sudden  load  variations.  For  chaff 
cutting,  churning,  gristing,  pulping,  and 
various  other  kinds  «)f  farm  work,  this 
typ«-  of  engine  is  admirably  suited,  and 
may  be  handled  by  (juite  inex|XTienceJ 
workmen. 

IvKi.  Ar.RKn.Ti  RAi.  Motors.  Ltd.. 
Bi(i<;Li:sw.\nK. — The  two  small  illus- 
trations indicate  very  dearly  the 
change<l  methods  in  ploughing  by  a 
mechanical  tract«)r  as  compan-d  with 
the  olil  style  in  which  horses  were 
employeil  The  Ivel  Company  was  one 
of  the  pioneer  firms  in  (his  line  of  work, 
and  the  series  oi  medals  won  by  them, 
from  the  yeari<)04  to  the  present  date, 
is  ehxiucnt  proof  of  the  success  they 
have  achieved.  The  Ivel  tractor  is 
fitted  with  24  h.p.  double  cylinder 
horizontal  engine  designed  to  use 
|M'tri»l.  paratYin  or  alcohol.  The  drive 
from  the  engine  is  transmitted  through  a 
friction  clutch,  and  thence  by  chain  to 
the  rear  axle.  There  is  only  one  forward 
speed  and  a  reverse  for  road  or  hatilagc 
work,  a  belt  pulley  on  the  end  of  the 
crankshaft  extension  being  provided 
for  stationary  work,  such  as  threshing, 
chaffcutting.  etc.  The  weight  of  the 
complete  machine  is  only  37  cwt.,  and 
as  this  is  distributed  over  three  wide 
road  wheels  i(  makes  little  or  no  impres- 
sion on  the  land.  It  is  unlike  most  of 
its  competitors  in  having  only  a  single 
steering  wherl,  but  this  has  been  found 
quite  satisfactory,  probably  because  the 
road  speed  is  not  excessive. 

Ivel  motors  are  now  in  use  all  over 
the  world  and  have  amply  proved  their 
economy  in  working  and  wide  range  of 
usefulness  to  the  farmer. 


TIIK   OLD   ^Sa  THE   !»EW  WAY. 

Oa  the  lelt,  one  lurrow  and  three  hortrs  ;  on  ihr  nnhi  one  motor  antl  three  lurtoK't.    Motor  by  the 

Ivel  Molor  Co. 


no 
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Marshall,  Sons  and  Co.,  Gains- 
BOROLGH. — As  from  the  extent  of  this 
exhibit  it  is  impossible  to  describe  mucli 
of  it,  we  will  select  and  deal  with  one  or 
two  items  which  were  of  particular 
interest.  The  traction  enj^ine.  shown 
in  the  illustration,  has  been  specially 
designed  with  a  view  to  combining  great 


effected  a  saving  of  14  per  cent,  on  coal 
and  12  per  cent,  on  water  when  com- 
pand  with  a  similar  engine  without 
superheater,  and  no  les«  than  34  per 
cent,  on  coal  and  22  per  cent,  on  water 
when  compared  with  a  ^^inglc  cylinder 
engine  of  the  ordinary  type. 

The  chief  features  of  the  portable 


XtW   TRACIION   ENOISr,   bltOU  S    bV    VI-iKS.   MAHMIILL  30V«   il   <!'.     Ltl>.,  OF   C     S  SBOKOt'CII. 


tractive  power  with  light  weight  and 
economy  in  working  costs. 

To  begin  wilh,  a  comparatively  high 
working  pressure  has  been  adopt<'d  f)f 
I  So  lbs.  j)er  sq.  inch.  The  cylinder, 
mounted  on  a  planed  steel  fixing,  has 
lagging  of  extra  thickness,  as  also  has 
the  boiler,  and  in  order  to  secure  the 
best  economy  in  working  a  tubular 
superheater  and  a  feed  water  heater, 
have  been  fitted.  A  fire-lK)x  with  the 
Marshall  patent  cambered  top,  "  Picker- 
ing "  type  high  speed  governor  and 
mechanical  forced  feed  lubrication  to 
cylinder  are  also  features  of  the  design. 
Bearings  of  crankshaft,  intermediate 
shafts  and  hind  axle  areof  the  automatic 
continuously  oiled  type,  and  the  fast 
and  slow  speed  gears,  with  cut  teeth, 
arc  arranged  inside  the  horn  plates, 
sliding  on  a  sijuare  shaft. The  differential 
gear  is  on  the  firm's  four  pinion  system, 
and  is  provided  with  an  automatic 
spring  locking  pin.  An  improvetl  wind- 
ing-forward (Inim  is  fitted  which  has  four 
haulage  speeds  and  a  large  swivelling 
guide  pulley  for  the  wire  rope  ;  this 
latter  is  clearly  visible  in  the  photo. 
A  scries  of  severe  and  exhaustive  trials 
made  with  this  engine  showed  thnt  it 


engine,  which  is  designated  as  "  Class 
S.I*.,"  are  found  in  the  high  boiler 
pressun;  of  10  atmospheres,  the  patent 
superluater,  and  automatic  governing 
in  connection  with  a  crankshaft 
governor  aiW  balanced  piston  valve. 
The  patent  cambered  top  fire-box, whi«  h 
entirely  dispen>es  with  roof  stays,  is 
incorporated  in  this  boiler,  heating 
surface  has  been  increased,  and  the 
lagging  is  of  special  quality  and  thick- 
ness to  prevent  loss  of  heat  by  radiation. 
This,  by  the  way.  is  a  point  deserving  of 
much  greater  attention  than  it  receives, 
the  loss  in  fuel  due  to  heat  radiation 
being  more  important  than  most  people 
seem  to  think.- 

To  return  to  the  portable  engine, 
our  description  may  Ix*  concluded  by 
saying  that  the  superheater  consists  of  a 
st  ries  of  solid  tlrawn  steel  tulx'S  con- 
tained in  the  extended  smoke-box,  so 
arranged  as  not  to  interfere  with  the 
cleaning  of  the  lx)iler  tubes.  A  feed- 
water  heater,  utilizing  exhaust  steam, 
is  also  fittt'd.  We  understand  that 
these  improved  j)ortables  are  giving  an 
excellent  ac(  nunt  of  themselves. 

Mkrrvwkathf.r  and  Sons,  London. 
— The  name  of  M err v weather  at  once 
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brings  to  minil  fire  engines  and  fire 
appliances  of  every  kind,  in  the  manu- 
facture of  which  they  have  for  so 
many  years  been  engaged.  Incident- 
ally it  was  not  surprising  to  hear  that 
the  fire  protection  arrangements  in 
connection  with  the  show  had  been 
entrusted  to  their  care,  and  thanks  to 
the  perfection  of  the  precautionary 
measures  taken,  a  small  fire  which 
broke  out  very  early  one  morning 
amongst  the  horse  boxes   was  dealt 


devoted  a  considerable  amount  of 
attention  to  steam  and  petrol  driven 
pumps  for  fruit  spraying  and  irrigation 
work. 

The  accompanying  illustration  shows 
one  of  their  "  Ravensbonrne "  petrol 
motor  spraying  and  watering  pumps, 
mounted  on  a  four-whedod  carriage. 
These  handy  and  compactly  arranged 
pumps  have  a  capacity  of  i,ooo  gallons 
per  hour,  and  for  spraying  pur{X)scs 
will  serve  four  or  six  jets  simultaneously. 


•  10 


THE  "  BAVEX»UOOKNt  "   SPRAYER  OP   ME  RR  V  WL  A  t  II  K  K   A   SONS,   LTD.,  LONBOS, 


with  within  five  minutes  of  the  time  the 
summons  was  received,  and  the  men 
were  back  at  their  stations,  after 
suppressing  the  outbreak,  within  half  an 
hour.  On  this  stand  were  to  be  found 
a  most  comprehensive  display  of  fire- 
fighting  appliances  of  all  kinds. 

Messrs.  Merryweather  do  not,  how- 
ever, confine  themselves  to  the  manu- 
facture of  fire  appliances,  though  that 
is  the  main  part  of  their  business  ;  for 
years  they  have  specialised  in  water 
supply  arrangements  for  country  man- 
sions, and  more  recently  they  have 


There  was  another  similar  pump  on  a 
two-wheeled  carriage. 

These  two  machines  attracted  special 
attention  from  the  fact  that  they  are 
the  identical  machines  used  on  May  6th 
and  7th  for  spraying  the  oak  trees  in 
the  Ham  Cross  plantation.  Richmond 
Park,  a  most  interesting  experiment, 
carried  out  under  the  direction  of  Prof. 
H.  Maxwell  Lefroy,  the  celebrated 
Entomologist  of  the  Imperial  College  of 
Science,  with  the  object  of  destroying 
caterpillars  which  of  late  years  have 
been  seriously  injuring  the  foliage  of  the 
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Ircos  in  the  Park.  The  spraying  mixturt' 
was  load  cliromato  in  solution,  and  in 
the  course  of  the  test  400  trees,  some  (»f 
them  Cm)  ft.  h.i.i;h,  were  sprayed  in  two 
da  vs. 

j,  ANi>  H.  M(  I,ari:n.  Lki;i>s.  The 
accompanying  ilKistration  represent-  one 
of  Messrs.  McLaren's  "  (iold  Medal  " 
Steam  Tractors  specially  tlesitrnrd  for 
direct  hau!am>  ploufihin^,  and  f;enerul 
agricultural  work,  ft  is  fitted  with 
their  patrnt  supi-rluatiT.  fred-water 
heater,  and  .governors,  is  sj)rinK 
mounted,  and  remarkable  for  its  econ- 
omy and  all-round  usefulness.  They 
had  also  on  view  a  standard  S  h.p. 
sin{^le  cylinder,  and  a  new  design  8 
h.p.  compound  traction  enj^ine,  toi;i  ther 
with  thrt'c  of  thrir  patent  self-li.tin^' 
direct   haulaj^e  ploui^hs. 

Pkttkrs.  f.TD.,  Vkovil.— The  Inci- 
ter "  Handyman  "  oil  eni^ine  has  for 
loni.;  been  a  favourite  for  farm  and 
covmtry  liouse  work.  It  is  2]  H.P., 
and,  mounted  on  a  4  wheeled  carriaii;*'. 
it  worthily  upholds  it's  name.  The 
I'etter  stand  was  sjK'cially  noticeable 
this  year  because  it  included  a  larije 
3  cyiinder  senii-DieM'l  engine  of  130 


H  I!  v..  >aid  to  be  the  lar^-^t  ever 
exhibited  at  an\'  "  Koyal "  show. 
i)esif,'ned  to  us<-  cnide  oil,  and  of 
massive  construction,  this  en^in**  is 
of  tlie  two  stroke  type,  eliminating 
all  fKipprt  valves  and  levers.  The 
s\strm  of  jirovernin.i^  used  rejjulates 
the  supply  of  fuel  to  the  va|K)ri/.er in 
strict  proportion  to  the  joatl.  whilst 
the  lubricatinii  arranf^'t-ments  are  care- 
fully d«>i;ine<l  to  permit  of  continu- 
ou-^  runnint;  at  fu'l  load  for  loni^ 
prrioiU. 

Thrsc  j  iiL:int  «i  are  ma«lc  in  varvinsj 
powers  from  N  B.H  V.  to  150  li  If.P., 
a->  sin;,'I<\  doublr  or  ;  cylindt  r.  The 
siiii^le  (  \liiider  tvjH'  is  made  up  to 
70  H.I*.  It  is  extremely  economiial 
in  fni-l  consumption,  usini;  under 
half  a  pint  per  B.H  P.  her  hour. 

Th<>re  was  another  feature  about 
Me>•^rs.  Petters'  stand  this  year-  its 
si/.e,  for  it  was  said  to  \w.  the  larp-st 
space  devoted  soh-ly  to  internal  com- 
bustion eni,Mne-i. 

it  is  some  sixtren  years  since  they 
took  up  the  manufacture  of  oil  enf^incs, 
and  it  is  n<>\  too  muc  h  to  sav  that  the 
rUi^iufN  proihKcd  by  the  firm  to-day 
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;irc  designed  on  thorouf^lily  scientific 
arfi  well  as  practical  lines.  An<l  yet 
their  engines  are  so  simple  and  so  easy 
to  nm  that  a  man  of  very  indifferent 
intellis,'etue  can  be  trained  to  nui  them 
in  a  few  hours.  This  is  not  an  un- 
considered statement  such  as  is  some- 
times associated  with  "  sIk)W  reports," 
but  an  actual  fact  within  the  present 
writer's  own  experience,  he  havinf< 
t  uif^'ht  a  "  {jronni-gardener,"  who  had 
absolutely  no  previous  experience,  to 
run  a  "  Handyman  "  engine  in  three 
l''<sons  of  about  an  hour  each,  and  the 
engine  remained  in  the  man's  sole 
charge  for  over  a  year — in  almost  daily 
use.  For  farm  use,  therefore,  they  are 
invaluable,  anfl  the  tine  di-^play  at  the 
liristol  Show  gave  visitors  a  good 
opportunity  to  see  them  in  various 
si/A's  and  adapted  for  many  different 
purpo>es. 

Sai  ndf.rson  and  Mills,  Ltd.,  Bed- 
roKD. — The  "  Universal  "  tractor  made 
by  this  firm  is  designed  specially  for 
direct  haulage  ploughing,  and  the 
general  work  of  a  farm.  An  interest- 
ing point  emphasised  by  Messrs. 
Saunderson   and   Mills  in   regard  to 


direct  traction  ploughing  is  that  tlu? 
gti'at  objection  of  too  much  weight 
on  the  land,  which  was  one  of  the  chief 
drawbacks  to  the  steam  tractor,  does 
not  exist  at  all  in  the  case  of  the 
internal  combustion  motor.  This  lat- 
ter, as  a  matter  of  fact,  exerts  less 
pressure  on  the  land  than  (U)es  a  horse 
or  the  wheel  of  an  empty  cart.  The 
firm's  new  "  Model  G"  of  18-20 B.H. P.. 
has  a  two  cylinder  engine  designed  to 
use  paralTm — but  starting  up  on  petrol 
—  and  embodies  every  improvement 
suggested  by  their  experience  up-to- 
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date.  It  has  proN'nl  most  snrci  -vful 
in  working,  and  achieved  the  ilistinc- 
tion  of  securing  a  special — and  only — 
prize  for  apri<  iilliiral  oil  tr;ii  tors  at 
Port  EUzabcth,  S.A.,  in  tlie  spring  of 
the  present  year  in  competition  with 
5  ()th<T       (Irivrn  ( oinpetitors. 

Studebakek.  I  a  I).  \Vc  only  noticed 
one  light  van  in  the  show,  that  on  tlie 
Stiulcbaker  Co.'s  stand.  Mounted  on  a 
15-20  H.P. ,  ( ha^^is  this  car  has  a  very 
smart  c(Jinpa(  t  appearance.  Straight 


bo  (l(^<rrili<'(l  a  modified  loco  t\  pr, 
having  a  central  lircbox  from  which 
two  sets  of  fire  tubes  lead  to  smoke 
boxi's  at  either  end,  and  from  the 
smoke  ix>xe!i  return  tubes  to  a  central 
flue  situated  directly  above  the  fire- 
box. It  is  placed  transversely  across 
the  wagon,  and  the  design  is  such 
as  to  ensure  9  im  lies  of  water  over 
the  firelx>x,  whether  on  uphill  or 
downhill  gradients  antl  irrespective 
of  the  degree  of  gradient.    The  ex- 
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lines  are  tlie  dominatiiiL;  feature  of  the 
body  design,  with  round  side  windows 
placed  conveniently  for  the  diiver. 
who  is  protected  in  front  by  an 
adjustable  wind  screen.  The  inside 
dinirii<if>ns  are  : — 5  ]  ins.  hi^'h,  4<)  ins. 
long  behind  the  driver  s  seat,  43  ins. 
wide,  and  35  ins.  width  of  door.  The 
dri\(T's  seat  is  cushionetl  with  curled 
hair  over  springs,  and  the  back  is 
kept  low,  so  that  he  can  easily  reach 
for  K<»wls  in  the  rear. 

The  Yorkshire  r<iM>fKR(iA!. 
Motor  Co.,  Lekds. — The  features 
about  the  sti'am  wagons  of  this  Arm, in 
which  tlii  \'  (liffcr  from  all  others,  are 
mainly  in  tlie  boiler  and  the  adoption 
of  a  vertical  type  of  engine.  The  boiler 
has  been  so  I(^ns,'  before  the  public  as 
hardly  to  need  description.    It  may 


haiist  from  the  engine  is  sj)lit  up  into 
small  jets  acting  upon  the  return 
tnbes.  which  ensures  a  qood  steady 
draught  with  a  minimum  of  noi^. 
The  engine,  of  the  vertical  compound 
type,  has  cylinders  4.1  ins.  and  7I  ins. 
tiiam.  by  ins.  stroke  respectively, 
and  is  placed  behind  the  driver.  It 
is  of  course  entirely  endosrd.  and  all 
the  working  parts  are  well  lubricated. 
All  the  gearing  is  of  cast  steel  with 
machine  cut  teeth  of  liberal  propor- 
tion<.  tlif  final  drive  t»)  rear  axle  being 
tlirougli  a  steel  roller  chain.  Two 
road  speeds  are  provided,  nominally 
f>  and  3  miles  jH»r  hour  for  the  6  ton 
wagon,  and  8  and  4  miles  respectively 
for  the  3  tonner.   But  if  rubber  tyres 

are  fitted  the^e  speetis  may  be  in- 
creased by  50  per  cent. 
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LARGE  STEAMERS  AND  DOCK  ACCOMMODATION 
SOME  NOTES  ON  THE  INCREASE  IN  SIZE 

By  Adam  Scott,  M  last.CE. 


THE  advent  of  the  AquHania  of  the 
Ciinard  Line,  and  of  tlie  Impcra- 
tor,  and  the  Vatcrlan.i.  of  the 
Hamburg-America  Line,  has  attain 
<.'mphasised  the  question  of  the  pro- 
vision of  suitable  harbour  and  <iock 
accommodation  for  such  gi|;antic 
liners.  The  increase  in  si/.e  of  the 
transatlantic  liners  has  been  so  rapid 
and  extraordinary  during  the  last  five 
or  seven  years,  and  has  so  far  exceeded 
all  past  predictions  and  estimates, 
that  it  is  taxing  the  powers  and 
finances  of  the  Port  Authorities  con- 
cerned to  keep  pace  with  it. 

The  Impt'rator,  which  started  on 
her  maiden  voyage  to  New  York  on 
the  nth  of  June  last,  has  now  displaced 
the  Olympic  as  the  largest  liner  run- 
ning, and  it  is  interesting  to  note  that 
for  docking  her  for  the  first  time,  the 
large  floating  dock  of  Messrs.  Blohm 
and  \oss,  at  Hamburg,  was  combined 


with  a  section  of  another  dock  belong- 
ing t  )  the  same  lirm,  the  joint  clock 
having  a  lifting  capacity  of  51,000 
tons. 

Until  the  opening  last  month  of  the 
new  (ilarlstone  Dock  at  Liv  erpool,  there 
was  no  graving  dock  which  could  take 
in  the  Aqitilania.  Before  tliat  there 
were  only  two  docks  capable  of  taking 
the  Olympic,  viz.,  the  Alexandra 
Dock  at  Belfast,  and  the  recently  en- 
larged Trafalgar  Dock  at  Southamp- 
ton ;  when  the  Olympic  was  first  placed 
on  service,  and  indeed,  at  the  time  of 
the  accident  to  her  last  year,  there 
was  only  the  Belfast  dock  which  could 
take  her  in,  as  the  Southampton  Dock 
was  not  then  ready.  There  are  now 
running,  the  Olympic,  of  45.000  tons, 
and  the  Impcrator,  of  52.001  tons  ". 
two  more  of  a  similar  class,  viz.,  the 
Valcrlami  and  the  Aquitatiia,  are  being 
fitted  out,  and  are  expected  to  be  in 


1 
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service  mxt  year,  while  two  otlicrs 
an;  bcinir  hinlt,  onv,  the  liritannic, 
for  tliL-  White  Star  Line,  and  tlic  other 
for  tlie  Haiuburg-Aniorica  Line.  Be- 
lore  the  Impcrator,  the  Hamburj^- 
America  Company's  lar[,'ei-t  vessel  was 


the  Kaiscrin  Aiigiisfc  Victoria,  of 
24,5Si  tons,  so  that  at  one  jump  the 
company  more  than  doubleil  tlie  tonnage 
of  their  lar,nest  steamer,  an  enormous 
increase.  It  is  true  tliat  the  abnorm- 
ally large  steamers  are  lew  in  number. 
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that  they  are  in  a  class  by  tlicm- 
si'lves,  and  that  only  a  few  of  the 
principal  ports  are  affecte.l  by  them, 
but,  as  \vc  shall  show,  there  has  been 
j;reat  expansion  in  size  in  the  general 
m  lil  and  passenger  steamers,  and  also 
in  the  ordinary  ear^^o  steam-.TS,  and 
this  expansion  is  still  goin^j  on.  It  is 
the  natural  consj  |uenCv'  of  tho  enor- 
mous dfwlopmint  of  miritim^  com- 
m.;rcj,  of  th3  increased  im;>.irts  and 
e\p.iris  of  every  country,  of  the 
lartji;  increase  in  volum  •  of  the  tourist, 
passenger,  and  emii^ration  tratti  ,  and 
of  the  demands  and  preference  of  the 
well-to-do  travellini^  public  for  hu'?c 
and  luxurious  ships,  with  their  superior 
steadiness  and  comfort.  Large  ships 
also  m?an  greater  bulk  -  carrying 
p  )wer.s,  and  sh  uild  ma'<e  for  e.onomv 
of  transport  and  minag.^ment.  Thesj 
are  the  principal  factors  in  the  ques- 
tion, the  forces  b.diind  the  ship- 
owners. Putting  it  brieflv.  it  is  owing 
to  the  pressure  of  commercial  and 
<»conomic  conditions,  and  undoubtedly 
it  will  be  governed  in  th?  future,  as 
in  the  past,  by  financial  considerations, 
and  commercial  success  — :)r  failure. 

Everything  points  to  the  ne::essity, 
at  all  the  principal  shipping  centres, 
for  better  facilities,  mire  commiJious 
and  deeper  harbours,  and  larger  graving 
docks.    The  problem  is  a  serious  one 


from  a  financial  point  of  view  for  Port 
and  Dv>ck  Authorities  ;  for  after  all,  it  is 
t  >  them  chiefly  a  (ju -stiou  of  expense. 
The  construction  t>f  steamers  of  an 
increasing  unit  size  is  not,  however, 
a  parsing  phase,  but,  as  has  been  said, 
it  is  the  outcome  of  a  necessity  of 
m  '  tin^  m  >dern  commercial  conditions, 
ancl  wiiilc  the  tra<le  of  the  country, 
and  of  the  world,  continues  to  expand 
by  leaps  and  bounds,  the  tendency 
will  be  to  build  gt-nerally  larger 
vesseU.  This  tendency  has  been,  and 
no  doubt  will  continue  to  be,  hindered 
by  the  want  of  ade(juate  harbour  and 
dock  accommodation,  especially  as 
regards  depth  of  water.  Owing  to  this 
insufliciency  in  depth,  many  vessels 
cannot  be  loaded  d  )wn  to  their  marks, 
bat  if  larger  vessels  of  all  classes  are 
built,  accommodation  must  be  pro- 
vided for  tlrern  :  this  will  be  forced 
upo.a  Port  .\uth  irities  gen  r.dly  in  a 
greater  or  less  degree,  and  those  which 
anticipate  and  make  the  most  suitable 
provision  for  the  future  will  un- 
doubtedly be  the  first  to  reap  the 
benefits.  Some  of  the  minor  ports 
will  probably  suffer  decay  owing  to 
natural  defects,  faulty  location,  and 
the  difiieulty  of  modernising  them 
excepting  at  a  cost  which  would  not 
be  justified.  It  is  only  a  very  few 
of   the   first-class  ports   which  can 
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attempt  to  provide  accommodation 
for  the  great  super-liners  of  the 
Atlantic.  These  ships  are,  therefore, 
restricted  in  their  calls,  and  while  this  is 
st>  it  will  be  feasible  to  deal  with  them. 

In  ii>(jj,  going  back  only  20  years, 
the  largest  liner  was  the  Cunarder 
Campania,  length  622  feet,  breadth 
(>5  ft.  3  ins.,  draught  25  ft.,  gross 
tonnage,  12,050  tons.  I. II. P.  30,000, 
and  speed  22  knots.  In  itjoi  came  the 
White  Star  Celtic,  of  20,904  tons  (the 
first  vessel  to  exceed  20,000  tons, 
leaving  out  the  old  (Ircat  Eastern) 
and  21  knots  speed.  The  Campania 
held  the  speed  record  until  the  (iemian 
lines  took  up  the  ruiniing  with  the 
appearance  of  the  Haniburg-.Xmerica 
Dtiilsc/ilanii,  in  1900,  of  the  North 
German  Lloyd  Kaiser  Wilhclm  II. 
in  1903.  and  the  same  company's 
Kron  Princcssin  Cccilii',  in  1907, 
These  vessels,  with  a  speed  of  23.3 
knots  held  the  record  from  1900  to 


1907,  when  it  was  wrested  from  them 
by  the  magnificent  Cunarders  Lusi- 
tania  and  Maurctania,  which  still 
hold  pride  of  place  for  speed,  with 
records  up  to  25  i  or  26  knots.  In 
191 1  came  the  Olympic,  with  a  gross 
tonnage  of  45,000,  increased  by  her 
recent  alterations  to  46,358  tons. 
Now  we  have  the  Impcraior,  52,117 
tons,  launched  23rd  May,  191 2,  the 
Vafcrland,  launched  3rd  April,  1913, 
and  the  Aquitania,  47,000  tons, 
launched  21st  April,  1913.  In  Table 
No.  I,  a  list  is  given  of  vessels  which 
may  be  taken  as  typical  of  the  develop- 
ment made  in  liners  during  the  last 
20  years.  It  will  be  seen  tliat  during 
that  period  the  tonnage  of  these  huge 
Atlantic  liners  has  increased  about 
four  times.  Comparing  the  dimen- 
sions of  the  Campania  with  those  of 
the  Aquitania  we  lind  an  increase  of 
50",,  in  the  length,  nearly  49",,  in 
the  beam,  3O",,  in  the  draught,  and 
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263"^  in  the  tonnage.  Of  course,  this 
is  a  rate  of  increase  which  cannot 
continue  much  longer,  however  feasible 
it  may  be  technically  or  practically  to 
build  larger  vessels.    Apart  from  these 


the  average  tonnage  ywr  ship  for  the 
same  years  being  1530.5  tons  and 
iiSo2.7  tons  respectively. 

In  Table  No.  2  a  comparison  is  made 
of  the  number  of  steamers  of  various. 

TABLK  Ko.  I. 


Ship.  ] 

l.ilir. 

> 

I'amfi  iii.'ri 

Ciii«;ir'l 

I'j  >i 

(WItu 

While  St.ir 

|.|  .1 

teJric 

,>  ti 

tii<i<i 

AUrtalic 

l'i"7 

LHittiiniit 

Cuiiar'i 

MauKltiit\j 

Whit'f  Star 

1  ..J  1  J 

I  mpttit'.or 

Haiii' Anirrica 

I'>|  J 

V  itlttlanJ 

■  •  TP 

l<>lj 

.\ii'itht.'r  ii'it 

y»'t  n.tiiiod. 

I'd  I 

Aiui'.iinia 

Ciiiiard 

Hnt.iii  nil- 

While  Star 

over  all. 


7i»<i' 


Beam. 


63'  3- 

*: 

75  4 

75'  6- 

»7'  lu' 

««'  o' 

92'  6' 

9»'  O' 


Urptli 

niouldc  J. 


41-  (.- 

5i'  7' 
60'  4' 
60'  6* 


Draught. 


II' 

a' 

S3 


o 

o' 

o' 

o* 

6- 

b' 


8»l'  o' 

(DiliHMi'io  lit  not  ycl  given  out) 
I  I 
(Oiincn-io  IIS  not  yet  givro  Kiitf 
•joi'  o'        9  7'  o"        (>4'  31'  o' 

(L>i  iiimsion*   not  yot  gi  ven  out) 


Gross 
Tonnage.  Reniarki. 


11.')  so 
20,904 

'4.541 

3«.53«» 

46.iiH 
3*,««7 


—      Fitting  out 


47,000 


lluiltlini;. 

OIK 
Building. 


•  Lcnglli  over 

special  liners,  liowever,  the  increase 
in  size  has  been  general  and  extends 
from  the  first-class  mail  and  passenger 
steamers  down  to  cargo  steamers. 
The  total  number  of  British  and  foreign 
steamers  of  100  tons  gross  and  up- 
wards recorded  in  Lloyd's  Register 
for  the  year  1903  was  17,761,  ft)r  the 
year  1913  the  number  was  23,897. 
The  total  gross  tonnage  of  these 
steamers  was  27,183,305  tons  for 
1903,  and  4J.«79.i77  tons  for  1913 ; 


hgurc-he.iil. 


TABLR  NO.  I. 


\i:»T  en<li  <l 

Near  rndeil 

T(>;in.i?"  Kan^<'. 

June  30th, 

June  iotli. 

1 .000 

aii<l  uti'ler  l.soo 

603 

I .  >oo 

,•  2,0<i<> 

4iS 

?.i>i»o 

,,      ,,  3.<i<n» 

1017 

♦■73 

3.oo'» 

,.  4.tM"» 

<»)<} 

1 1 7" 

4,000 

S.ooo 

3'»7 

»-4 

7,000 

2».» 

4  ON 

7.4IIIII 

10(1 

IO.<K>0 

„  at>iiv<- 

3'» 

10.000 

„  under  ii.oo  i 

^'l 

I  J.OO<I 

IS. 000 

4  • 

1  <,<MM> 

„      „  20.01H1 

IS 

20,000 

.*  3<i,fio<i 

4 

30.000 

..  4U.00U 

2 

40,000 

over 

a 
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grades  of  tonnage,  from  i.ooo  tons  and 
upwards,  built  and  owned  in  tlie 
United  Kingdom,  and  entered  in 
Lloyd's  Register  for  the  years  H)03 
and  1913.  This  table  sliows  conclu- 
sively that  the  number  of  steamers 
between  the  range  of  i.ooo  and  3,000 
tons  is  decreasing  and  that  the  number 
above  3,000  tons  is  largely  increasing. 
The  average  net  registered  tonnage  of 
vessels  which  entered  and  left  the  Port 


of  London,  and  paid  dues  in  l»)02  was 
31S  tons,  for  I()I2  the  average  was 
036  tons.  For  Liverpool  the  similar 
hgures  arc  540  tons  for  itjo2.  and  737 
tons  for  i()i2.  I'or  the  Tync  the 
averages  for  the  same  years  arc  670 
and  847  res]iectively.  The  number  of 
vessels  which  entered  the  Port  of 
Glasgow  in  1902  with  a  net  registered 
tonnage  ranging  between  4,000  and 
6.000  tons  was  41,  and  with  a  net 
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registered  tonnage  of  6,000  tons  and 
upwards,  only  2  ;  tlic  similar  figures  for 
i()i2  were  i()2  and  39  respectively. 
Tile  largest  sliip  which  jjasscd  through 
tlie  Suez  Canal  in  the  year  1900  was  the 
Grosser  Kur/ursf  (Norddcutscher  Lloyd) 
having  a  gross  tonnage  of  13.403  tons. 
Since  iqoq  the  largest  vessel  using  the 
(  anal  is  the  Cleveland  of  the  Hamburg- 
America  Line,  with  a  gross  tonnage 
of  17,342  tons.  The  gross  average 
tonnage  of  vessels  passing  through  the 
Canal  was  3,981  in  1900,  and  5,213  tons 
in  1912. 

The  Orient  Line  is  building  a 
steamer  of  14,000  tons.  The  Royal 
Mail  Steam  Pack't  Company,  and 
its  incorporated  Company,  the  Pacific 
Steam  Navigation  Company,  are  both 
building  steamers  of  about  15.500 
tons  gross.  The  Allan  Line  has  two 
vessels  of  about  18.000  tons  build- 
ing for  the  Canadian  Service.  On 


the  Australian  Service  rid  the  Cape, 
the  White  Star  Line  has  just  placed 
tlie  Ceratnic  of  18,000  tons,  and  it  is 
almost  safe  to  predict  that  in  another 
ten  years  vessels  of  double  this  tonnage 
will  be  running  to  Australia  via  the 
Panama  Canal,  which  will  be  able  to 
pass  vessels  of  47,000  tons  or  more. 
Tlie  Canadian  Pacific  Railway  Com- 
pany have  increased  the  size  of  their 
steam  ers  on  the  Pacific  route — Van- 
couver to  Japan  and  China — from 
6.000  tons  to  16,850  tons  gross,  and  on 
the  Australian  route  from  8.075  to 
13.500  ton"*  gross,  and  have  at  present 
two  vessels  building,  each  01  about 
12,500  tons  gross.  The  Pacific  Mail 
Company's  largest  steamers  running 
from  San  Francisco  to  Japan  and 
China,  have  a  dis])lacement  of  27.000 
tons ;  while  the  Great  Northern 
Steamship  Company  have  one  steamer, 
the  Minnesota,  with  a  length  of  730  ft.. 
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a  gross  tonnage  of  20,71s  tons,  and  a 
displacement  of  37.500  tons,  running 
between  Seattle  and  Hong  Kong. 

There  does  not  ajipear  to  be  any 
particular  reason  for  sudd*  n  ;(rrat  incre- 
ments in  the  siz<s  of  carf;(>  steanurs. 
but  in  the  ordinary  course  of  pro,t;re>s, 
they  will  go  on  increasing,  probably 
at  the  gradual  rate  which  the  ])ast  has 
shown,  until  tluA'  ai)j)roach  ni<»re 
nearly  to  the  size  of  the  intermediate 
class  of  liners  of  to-day.  Tiny  art- 
practically  debarred  from  a  faster 
increase,  because  of  want  of  de])tli  of 
water  at  the  generality  of  their  ports 
of  call — |x)rts  which  cannot  afford  to 
spend  much  in  obtaining  gn^ater  depth. 

Vessels  of  war  have  reached  a  length 
of  725  ft.,  and  have  Ivams  of  ()4  and 
98  ft.,  the  latter  figure  being  e(|ual  to 
that  of  the  mammoth  liners.  If  they 
continue  to  increase  in  size  during  the 
next  tive  years  at  the  same  rate  as  they 
have  been  doing  recently,  either  new 
docks  or  a  general  reconstruction  of 
naval  docks  will  Ix?  necessary. 


Table  No.  3  illustrates  the  increase  in 
size  during  ten  years-  from  i<h'3  to 
I()I3 — of  the  sliips  of  the  tleets  of  some 
of  the  ])rincipal  lines,  and  in  every 
case  the  average  gross  registered  ton- 
nag*'  of  the  flctts  has  largely  increased. 

The  Su«'Z  (  anal  will  doubtless  remain 
the  chief  route  from  l-^uroiH'  to  the  Far 
East,  and  its  d«'pth  will  govern  the 
size  of  Vessels  trading  on  tliat  route. 
Its  depth  at  present  e.xceeds  950 
metres  (31.1b  ft.)  at  Idw  water  through- 
out its  length,  and  it  is  intended  t(» 
increase  that  depth  to  12  metres 
(3*)-3b  feet),  but  this  will  not  be 
attained  for  some  years  yet,  and 
when  it  is,  it  will  probahly  be  found 
necessary  to  increase  it  to  13  metres 
(42.64  feet),  in  order  to  put  it  on  quite 
equal  terms  with  the  Panama  Canal. 
From  the  ist  of  January,  1914,  the 
authorised  draupht  r»f  water  for  the 
Suez  ("anal  will  be  increased  by  one 
foot,  thus  brin;;ing  it  to  29  feet.  The 
Panama  Canal  locks  are  i.ooo  ft. 
by  no  ft.  with  a  depth  of  40  ft.  on 
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the  sills,  and  it  may  be  assumed  that 
before  very  long  they  will  be  taxed  to 
their  utmost  limits,  as  we  have  now 
Vessels  approaching  100  feet  in  breadth 
and  over  900  ft.  in  length.  The  locks 
of  the  Kaiser  Wilhclm  Canal  are 
being  made  1,083  ft.  by  148  ft. 
with  45  ft.  depth  on  the  sills,  but 
as  this  is  chiefly  a  stragetic  canal, 
it  will  not  particularly  influence  the 
size  of  merchant  vessels.  Under  the 
present  dredging  programme,  the  navig- 
able channel  of  the  Thames  is  to  have 
a  depth  of  jo  ft.  at  low  water  from  the 
Nore  up  to  the  Royal  Allx'rt  Dock, 
and  between  the  Royal  AllxTt  Dock 
and  the  Tower  Bridge  there  is  to  be  a 
depth  varying  from  20  ft.  to  14  ft.  at 
low  water.  In  1907  the  writer  advo- 
cated a  low  water  channel  of  35  ft.  up  to 
Gravesend,  and  is  still  of  opinion  that 
such  a  depth  should  be  provided  up 
to  Tilbury  docks,  opposite  to  Graves- 
end.  Under  the  new  programme  of 
works  of  tlie  London  Port  Authority, 
locks  and  graving  docks  of  the  following 
dimensions  were  pro|)osed.  but  are  not  in 


the  immediate  programme  for  execu- 
tion : — 

North  Albert  Dock — Lock  i.ooo  ft. 
by  120  ft.  with  a  depth  of  52  ft.  at 
H.W.  Graving  dock,  i.oooft.  by 
120  ft.  with  a  depth  of  40  ft. 

Tilbury  Docks — Lock,  1,300  ft.  by 
130  ft.  with  a  depth  of  55  ft.  (iraving 
dock.  1 300  ft.  by  13c  ft.  with  a  depth 
of  45  ft. 

.\mongst  the  works  now  being  under- 
taken at  the  South  Albert  Dock  are  a 
lock  800  ft.  by  100  ft.  with  45  ft., 
deptli  at  H.W.,  and  a  graving  dock, 
()50  ft.  by  IOC  ft.  with  35  ft.  depth  on 
the  blocks.  It  will  thus  be  some 
years  yet  before  the  Chief  Port  will 
be  able  to  say  that  it  can  dock 
the  large  liners.  On  the  Mersey 
bar  there  is  a  de]>th  of  30  ft.  at 
low  water,  and  of  59  at  H.W.O.S.T.  ; 
in  the  Channel  between  the  bar  and 
Liverpool  the  minimum  low  water 
depth  may  be  taken  at  30  ft.  The 
low  water  depth  at  Liverpool  varies 
from  60  ft.  to  80  ft.  In  tlie  new 
Gladstone  Dock,  which  has  just  been 
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opened,  Liverpool  again  possesses  tl»e 
largest  graving  dock,  and  the  onlv 
One  capable  of  taking  the  AijuUania. 
It  is  liesigned  to  serve  both  as  an 
ordinary  wet  d(»ck  and  as  a  graving  dock, 
and  has  a  length  of  1,050  ft.  from  face 
of  caisson  to  dock  head,  a  width  of 
entrance  of  12c  ft.,  a  depth  on  the  sill  of 
15  ft.  at  L.\\'..  and  of  46  ft.  at  H.VV. 

The  depth  of  water  in  the  approach 
channel  to  the  docks  at  Southampton  is 
35  ft.  at  L.W.  The  Trafalgar  Dock 
thoe.  bctenging  to  the  London  and 
South  Western  Railway  Company,  is 


reported  that  the  Hamburg-America 
Company  have  purchased  a  large  jiaddle 
steamer  for  service  as  a  tendt-r  in 
Southampton  waters.  The  new  lock 
at  Portsmontti.  with  a  length  of  <S5o 
feet,  a  widtli  of  no  ft.,  and  a  depth  of 
46  ft.  6  in.  at  H.W.O.S.T.  will  be 
available  as  a  graving  dock.  The  new 
dock  of  tlic  Newi>ort  and  South  Wales 
Dock  Company  has  a  lock  1,000  ft. 
long  by  100  ft.  in  width,  and  a  depth 
at  H.W.O.S.T.  of  45  ft.  on  the  outer 
sill,  and  of  38  ft.  on  the  inner  sill. 
At  the  Tyne  the  diannd  of  the  river 


H*(.r  ncTiox  ov  UAnm  mm  oraviiio  oocr  mow  t»  cov«m  or  conftnit'cnoi'. 


lilKly  to  remain  the  largest  on  the 

South  Coast  for  some  time. 

It  may  be  noted  that  though  the 
Fort  of  Southampton  can  take  the 
largest  vessels  at  any  state  of  the  tide, 
and  is  perfectly  sheltered,  it  is  at  a 
disadvantage  owing  to  its  narrow  and 
crowded  waters  for  the  handling  of  such 
huge  vessels  as  the  recent  Atlantic 
liners ;  this  was  e.\eni])lilied  in  the 
Olympic-Hawke  collision,  and  by  the 
fact  that  last  month  when  the  Iiiipcra- 
tor  called  on  her  first  voyage  to  New 
York,  she  lay  off  in  the  Solent  and  em- 
barl^  her  passengers  by  tender.   It  is 


from  the  sea  to  Northumberland  Dock, 

a  (li^tanrc  of  nhout  3}  niilc^,  is  OOW 
being  dredged  by  the  Commisdoners, 
to  a  depth  of  about  30  feet  at 
L.W'.O.S.T.,  and  for  a  distance  of  about 
II  miles  up  from  Northumberland 
Dock  to  a  depth  of  about  25  feet  at 
L.W.O.S.T. 

The  Clyde  naviu'ation  from  Port 
Glasgow  up  to  (ila>L;uw  Harbour  has 
a  dc^th  of  22  to  2  ]  feet  at  L.W..  or 
.>3  t<^'  31  ^*  -It  H.W.,  and  deepening  is 
being  carried  on  to  25  feet  at  L.W. 
The  Clyde  thuscan  only  take  the  largest 
vesseb  at  the  time  of  H.W.  Glasgow 


Digitized  by  Google 


STEAMERS  AND  DOCK  AGCOMMODATION  127 


had  no  graving  dock  capable  of  taking 
the  Campania  when  she  was  built  in 
i8g3.  and  she  had  to  be  docked  at 
Liverpool.  So  also  will  it  be  with  the 
A^itania.  The  Clyde  trustees  ob- 
tained powers  for  a  new  graving  dock  in 
igii,  but  it  has  not  been  commenced  yet. 

At  the  present  moment  there  is  no 
graving  dock,  either  on  the  COntim  iit 
of  Europe  or  in  America,  capable  of 
taking  a  vessel  of  the  dimensions  of 
the  Olympic.  Germany's  largest  is  at 
Bremerhaven.  Franf c  has  a  very  larpe 
and  important  dock  in  construction  at 
Havre  for  the  mercantile  marine,  which 
when  completed  in  iqjq  will  have  the 
greatest  depth  on  sill  at  H.W.  of  any 
graving  dock  in  the  worid.  The  length 
will  be  1,023  ft.  4  ins.;  width  of 
entrance.  124  ft.  8  ins.  ;  and  depth  on 
sill,  52  ft.  iih  ins.  at  H.W.  By  the 
courtesy  of  the  Resident  Engineer,  Mr. 
M.  Fa\ .  a  half  section  of  the  dock  is 
shown  in  the  illustration.  The  United 
States  has  recently  completed  three  im- 
portant naval  docks,  one  at  New  York, 
length  694  ft.  6  ins.,  width  of  entrance 
112  ft.,  and  depth  on  sill  35  ft.  5  A  ins.  at 
M.H.W.  ;  one  at  Norfolk,  Va.,'  length 
722  ft.  11  ins.,  width  of  entrance  loi  ft., 
and  depth  on  sill  34  ft.  of  ins.  at 
M.H.W.  ;  and  the  third  on  the  Pacific 
coast  at  Puget  Sound,  \vni:\h  S„'7  ft. 
6  ins.,  width  of  entrance  114  ft.  4  ins., 
and  depth  on  sill  38  ft.  at  M.H.W. 
A  dry  dock  is  being  built  at  Escjuimalt, 
with  a  length  of  900  ft.,  a  width  of 
1 28  f  t. ,  and  a  depth  of  41  ft.  A  contract 
has  jvist  been  let  for  :\  large  dry  dock  at 
Quebec,  while  others  are  spoken  of  at 
Tonlon,  Sydney  (Nova  Scotia),  and 
elsewhere.  Table  No.  4  gives  par- 
ticulars  of   the    largest  commercial 

¥ raving  docks,  built  and  building, 
he  gradual  increase  in  size  of  the 
ordinary  mercantile  marine  will  mean 
that  many  firms  which  do  repairing 
work  will  be  faced  with  the  serious 
question  of  providing  larger  docks, 
whether  they  will  or  n«»t,  if  they  are  to 
hold  their  own  in  the  pressure  of  com- 
petition. Sliipbuilders  will  also  be 
affected,  and  will  probably  have  to 
reconstruct  old  or  provide  new  graving 
docks.  It  is  probahl(>  that  floating 
docks  may  come  into  more  general 
use  than  they  have  done  in  the  past. 


The  International  Navigation  Con- 
gress, held  at  Philadelphia  last  year, 

came  to  the  (onclusion  that  : — 

"It  is  essential  that  each  port 
should  be  systematically  organised  for 
the  accommodation  of  the  traffic  and 
the  industries  to  be  served.  Experience 
shows  the  need  of  supplementing  the 
use  of  privately  developed  terminals 
b\  the  jjublic  ownership  or  control  of 
the  operation  of  wharves,  docks,  ware- 
houses, and  other  harbour  facilities 
for  handling  freights  for  public  use. 
Exclusive  private  ownership  of  water 
terminals  is  indefensible." 

There  is  a  good  deal  to  be  said  in 
favour  of  some  kind  of  public  assistance 
or  control  as  against  exclusive  private 
control.  Fast  liners  are  subsidised, 
and  there  seems  no  good  reason  why 
important  ports  should  not  bo  so. 
The  principle  is  admitted  by  the 
Development  Act,  by  which  State  assis- 
tance isbeinggiven  to  minor  ports.  In 
1910  Canada  passed  a  dry  dock  Sub* 
sidies  Act,  by  which  the  Government 
can  grant  a  subsidy  of  3  per  cent,  on 
the  capital  expenditure  on  any  dry 
dock  scheme,  if  the  conditions  imposed 
by  the  Department  of  Marine  are 
complied  with.  Before  this  Act  was 
passed,  assistance  could  only  be  given 
to  such  works  by  Special  Art,  and  was 
thus  given  for  various  docks.  Ship- 
builders are  agreed  that  there  is  no 
technical  difficulty  in  building  still 
larger  vessels.  The  dimensions  of  docks 
and  depth  of  waterways  practically 
constitute  tlie  limit  in  the  size  of  ships, 
but  at  the  same  time  it  docs  not  neces- 
sarily follow  that  given  these  facilities 
ships  of  much  larger  size  than  those 
now  existing  would  be  built.  It  is 
probable,  as  regards  the  leviathans, 
if  they  should  increase  much  more  in 
size,  that  the  beam  and  draught  will  in 
the  futiire  show  a  greater  proportional 
increase  than  the  length,  notwith- 
standing that  the  provision  of  depth 
is  the  most  serious  question  for  Port 
Authorities. 

Our  ports  arc  our  onlv  outlet  for  our 
Colonial  and  foreign  trade,  and  for  us, 
above  all  other  countries,  it  is  im- 
portant that  they  sliouM  be  secon<l  to 
none  in  facilities,  if  wc  are  to  retain  our 
commercial  and  shipping  supremacy. 
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AT  W<)r})lt'!-don,  a  mile  or  two  nut  of 
Guildford,  that  sonn  what  sleepy 
town  of  Surrey,  the  works  of 
Dnunmond  Brothers,  the  toolmakers, 
arc  certainly  very  much  awake.  Surrey, 
as  a  county,  was  from  the  first  a 
fovourite  touring  ground  for  cyclists 
and  motorists,  but  it  was  the  latter 
who  appeared  to  have  prompted  the 
initial  step  of  founding  the  works  at 
Rydes  Hill.  It  w.i--  not  niurli  of  a 
start — one  man  and  a  boy,  the  latter 
combining  in  himself  the  duties  of  shop 
sweeping  and  motive  power.  To^y, 
the  firm  employ  over  250 men  and  boys. 
Tliey  liu\  e  grown  thus  quickly,  because 
they  started  out  to  fill  a  gap.  The 
motor  car  was  now,  and  there  wen*  no 
special  t(X)l  makers,  for  tliey  were  busy 
and  unable  to  go  out  of  their  way  to 
supply  tools  for  repairing  motors.  So 


Drumm<ind  Brothers  had  a  fairly  un- 
enctimbered  track  to  set  forth  upon,  and 
they  laid  themselves  out  to  suppl\'  that 
sort  of  machine  tocri  which  was  wanted 
for  carrying  out  <mall  part  repairs, 
the  machine  tool  for  the  motor  garage 
and,  incidentally,  the  machine  tool 
which  has  a]<o  foinul  a  demand  among 
general  amateurs.  A  small  lathe, 
capable  of  taking  an  article  of  4  inches 
radius,  and  jmrchaseable  f(»r  {5,  and 
possessing  the  accuracy  of  a  high-class 
expensive  tool,  was  a  novelty  whidi 
deserved  to  succeed,  and  it  has  done 
so. 

The  ground  <Kcupied  by  the  works 
is  by  no  means  too  lart^e,  and  it  is 
anticipated  tliat,  bef<ire  IonL;,tiie  heavier 
work  will  be  transfcrn'd  to  a  new  shop 
to  be  built  on  a  recently  purchased  site 
nearer  to  the  town.   On  the  present 
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site  of  2  acres  there  is  a  foundry,  the 
turret  machine  shop,  fitting  shop, 
drawing  office  and  stores  building,  mill- 
ing, turning,  grinding  and  planing 
shops,  and  a  power  house  containing  a 
65  U.p.  Diesel  engine,  a  55  h.p.  Homsby 
oiPengine.a  28  h.p.  engine,  and  an  18  h.p. 
engine  all  using  oil  fuel  and  aggregating 


166  h.p.  There  are  also  the  usual 
sand,  and  other  stores  and  offices. 
No  very  heavy  work  is  done,  so  that 
the  foundry  work  is  simple,  and,  except 
for  a  few  heavy  beds,  is  chiefly  made 
up  of  light  beds,  brackets,  and  detail 
parts.  The  cupola  is  blown  by  a 
Roots  blower  driven  by  a  Clayton  oil 


TURNCRV. 
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engine,  with  a  stand-by  drive  from  the 
turret  shop  shaft  which  is  eloctrieally 
driven.  A  few  maehine  tools  are 
driven  bv  their  own  motors,  but  inencr- 


DRl'MMONO    BROS.,   LTD..   NEW   OrslCN  BORIVG 
A.SD    SCREW   CVTTINC    LATKK,    Fv<  ll'PKI'  W1TK 
KLKCIRtC  MOlOlf. 

ally  the  system  of  drivinj,'  is  by  shafts 
which  are  electric;dly  driven,  anti  each 
shaft  drives  s<'veral  tools,  a  modified 


u'roup  system  drive.  All  machine  beds 
after  casting  and  f«  ttlin(;  are  allowed  to 
lie  by  for  a  time  before  lu-in^' machined. 
They  are  then  rouj^h  planed,  and  this 
relievts  them  of  their  surface  stresses 
when  they  are  atjain  allowed  to  rest 
and  come  to  shape.  When  finish- 
planed  they  move  very  little  further, 
and  are  jiiivt  n  the  final  scrapinj;  to  the 
re(|uired  limit  of  accuracy.  The  small 
lathe  beds  are  continuous  bearing' — 
not  },'irder  beds,  so  that  there  is  little 
chance  of  any  liistortion  through  wi»rk 
stresses. 

A  special  machine  is  the  Rinf,'  Turret 
shown  in  the  illustration.  This  tool 
has  a  stout  circular  bar  bed  upon  and 
round  whi<-h  the  turret  rotates.  It 
is  intended  for  the  protluction  of 
articles  from  the  solid  bar  or  tulx\ 
The  bar  bed  »  xten<ls  from  the  head- 
stock.  Th)-<  tarries  a  larj^e  hollow- 
spindle  in  pm-metal  parallel  bearings. 
The  hea<l  carries  a  chuck,  which  can  be 
rele.ised  or  gripped  while  the  lathe  is 
running.  The  drive  is  upon  a  constant 
speed  large  diameter  pulley  from  the 
line  shaft  for  ordinary  work,  or  from  a 
reversing  counter  shaft,  if  required. 
R<'duced  speed  is  givi-n  bv  a  black  gear. 
The  turret  which,  as  said,  runs  on  the 
bar  bed,  is  large  in  diameter,  and  is 
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worked  by  hand  to  the  required  position  hole  in  the  spindle,  an  8  inch  pulley  for 

and  jjuided  then  on  its  forward  move-  a  2  inch  belt,  and  a  12  inch  diameter 

ment  by  a  bar  which  fits  ways  on  the  turret  with  6  stops.    The  turret  traverse 

rim  of  the  turret,  and  there  is  a  stoj)  is  12  inclies,  and  the  machine  measures 


KING  Tl'MKKT  LATHE  MANCFaCTL-REU   DV  OKUMMOND  ■KOS.,  LTD, 

flange  holding  a  stop  bar  for  each  tool  5  ft.  6  in.  overall  length,  and  with  its 
held  in  the  turret.  The  twl  described  oil  catcher  bed  and  legs  weighs  530 
has  3|  inch  height  of  centres  with  a  1}     ix>unds.    For  a  small  bench  lathe  the 
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same  circular  {ground  bar  head  is 
employed  for  sliding,  boring,  milling 
and  screw  cutting,  an  excellent  tool  for 
the  model  maker  just  under  3  ft.  overall 
length,  the  bed  bar  being  3  inches 
diameter  and  the  centres  4  inches  in 
height,  permitting  of  8  inches  work  over 
the  bed,  or  6  inches  over  the  saddle. 
The  simple  machir..  without  stand  or 
foot  motor  is  sold  for  /5  los.  od. 
Norton  grinding  machines  are  employed 
on  the  grinding  of  the  bar  bed  and  the 
limit  of  accuracy  is  .0001  inch. 

This  machine  is  a  regular  lathe  with 
headstock,  change  gears,  face  plate, 
saddle  with  traverse  and  swivel  tail 
stock,  &c. 

The  firm's  small  lathe  with  regular 
bed  has  3^  centres,  and  a  fiat  bottom 
bed  2  ft.  6  in.  long,  the  total  length 
being  3  ft.  It  has  a  gap  for  9J  inch 
work  up  to  2  inches  wide,  and  a  cord 
drive  from  a  heavy  73  lb.  treadle  driven 
fiy  wheel.  The  bed  box  is  of  section 
similar  to  the  beds  of  larger  lathes. 
The  saddle  ways  are  double,  the  lateral 
guidance  being  taken  on  the  front  way. 
The  bed  is  stiff  in  itself,  and  requires 
no  aid  from  the  tray  or  standards. 
The  lead  screw  is  placed  outside  the 
bed,  but  central  with  the  saddle  guide. 
The  tail  stock  is  guided  like  the  saddle. 


and  locked  by  a  single  lever  both  to  the 
front  guiding  way  and  to  the  bearing 
ways.  The  illustration  shows  this  lathe 
with  an  electric  motor  applied  below 
the  bed,  and  driving  the  fly-wheel  by 
means  of  a  small  pinion. 

A  special  tool  is  the  Dnimmond- 
Barreto,  a  Universal  machine  for 
turning,  boring,  drilling,  screw  cutting, 
milling,  and  even  gear  cutting.  It 
turns  articles  from  ^  to  36  inches 
diameter,  and  is  correctly  speeded  for 
this  range,  and  will  run  from  5  to  270 
r.p.m.  It  can  be  varied  from  7  to  18 
inches  centre  height.  In  gear  cutting 
it  will  cut  spurs,  mitres  and  worm  gears 
up  to  40  inches  diameter.  This  special 
machine  is  in  itself  a  complete  tool  for 
a  motor  garage,  and  literally  a  creation 
of  the  motor  industry.  Another  larger 
size  tool,  which  we  described  in  our 
last  issue,  is  the  newt)  inch  and  12 J  inch 
centres  lathe,  the  result  of  a  Colonial 
journey  which  showed  that  there  was 
a  field  for  it  on  account  of  the  wide 
variety  of  work  undertaken  by  Colonial 
shops.  These  few  machines  will  serve  to 
show  the  class  of  products  put  forth  by 
a  shop  that  has  grown  up  with  and  upon 
a  new  industry,  and  laid  itself  out  to 
meet  the  conditions  to  which  that  new 
industry  has  given  birth. 
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Cost  and  Accuracy. 

MANY  makers  of  light  machinery 
and  apphances  advance  accu- 
racy as  one  of  the  most  impor- 
tant selling  jKiints  of  their  products,  and 
cause  it  to  be  regarded  as  a  justification 
for  purchasers  to  pay  an  enhanced 

{)rice  for  the  article.  The  fact  is  over- 
ooked  that  accuracy  means  economy 
of  manufacture  in  most  cases,  and  tliat 
the  argument  is  therefore  rather  a 
double-edged  one  to  wield.  Taking  such 
apparatus  as  automatic  macliines. 
rifles,  motor  bicycles,  small  gas  and 
oil  engines,  typewriters,  etc.,  as  instance, 
it  is  undoubtedly  the  fact  that  far 
cheajyer  production  is  attained  by 
making  the  various  parts  of  each  of 
these  interchangeable.  Interchange- 
ability  imi)lies  the  minimization  of 
fitting,  assembling  and  erecting,  the 
simplification  of  progress  systems  for 
the  parts  going  through  the  shoi>s,  and 
the  speeding  up  of  machining  processes 
by  the  use  of  jigs  and  fixtures.  All 
these  things  tend  towards  economy, 
but,  first  and  foremost,  towards  accu- 
racy. From  this  it  will  be  realised 
that  it  is  often  somewhat  illogical  to 
pay  more  for  an  accurately  finished 
machine  than  for  one  which  has  cost 
more  to  make  owing  to  its  lack  of  accu- 
racy. It  is  not  always  convenient  for 
the  manufacturers  of  such  apparatus  to 
p>oint  this  out  to  purchasers,  but  it  is 


nevertheless  true.  As  e.xamples  of  the 
volume  of  business  to  be  built  up 
largely  by  interchangeability,  or  accu- 
racy in  manufacture,  and  (juantity  of 
production.  American  motor  car 
builders  may  be  cited,  some  of  whom 
can  turn  out  a  20  h.p.  car  comjyletc 
for /50  factory  costs,  including  material. 

Low  Head  Water  Power  Stations. 

THKKK  are  many  situations  in  this 
country  where  h)W  heads  are 
available  for  small  water  power 
electrical  stations.  The  drawback  to 
such  low  head  .stations  is  that  the  water 
turbines  and  equipment  are  necessarily 
of  considerable  bulk,  weight  and  cost, 
and  as  a  consequence  the  governing  for 
sixH-d  is  adversely  affected.  One 
method  of  overcoming,  as  far  as  jMissible 
the  latter  difficulty,  and  one  which 
could  profitably  be  applied  to  many  of 
the  potential  installations  in  this 
country,  consists  of  applying  a  storage 
battery  for  regulation  of  the  voltage 
whilst  the  battery  is,  of  course,  also 
available  for  stand  by  purpttses  and 
for  hel])ing  at  times  of  heavy  load. 

In  this  connection,  therefore,  it  may 
be  of  interest  to  present  a  few  jiarti- 
culars  of  such  a  scheme,  installed  at 
Lawrence.  Kansas.  In  this  case  the 
head  is  12  feet,  and  a  400  amptTe-hour 
600  volt  storage  battery  is  utilised  to 
regulate,  and  aid  on  ])eak  loads,  the 
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600  volt  dinct  aiid  440  and  2,300  volt 
alternating  current  systems,  which  are 
interconnected  through  transformers 
and  motor  generator  sets.  W  hiJst  the 
battery  is  normally  on  the  d.c.  S3^tem, 
it  exercises  its  repilating  effect  on  the 
a.c.  circuits  as  well,  tlirougli  the  trans- 
formers and  converting  apparatus.  The 
action  of  the  battery  is  to  absorb 
through  booster  balancer  s<"ts.  and 
adjust  sudden  variations  in  the  load, 
wnich  would  otherwise  cause  hunting  up 
or  down  of  the  water  wheel  governors. 
Although  this  plant  produces  both 
alternating  and  direct  current,  the 
principle  of  battery  reijulafioii  could 
ob\nousIy  be  applied  and  with  greater 
simplicity,  to  a  station  generating 
either  form  of  current  alone. 


Electric  Motor  CaiMtcitics. 

THE  features  which  limit  the  capa- 
city  of  a  motor  an-  the  temiicra- 
ture  rise  and  the  shape  of  the 
efficiency  curve.   In  well  designed  and 

properly  a])])lied  motors,  except  in 
unusual  cases  where  the  reverse  condi- 
tions are  only  to  be  expected,  the  latter 
factor  sliould  be  of  the  lirst  and  the 
heating  of  only  sect)ndiu-y  im])ortance. 
This  is,  of  course,  as  it  should  be,  but 
as  in  many  cases,  it  is  not.  The  rated 
capacity  of  a  motor  sliould  not  be 
determuicd  by  the  temperature  rise, 
but  should  be  such  that  tne  motor  may 
hi-  ojx  ratcd  at  the  equivalent  output 
with  the  greatest  ail-da^'  eDiciency, 
as  sKowm  by  the  effiaency  curve. 
On  many  of  the  best  motors,  the  rating 
is  so  low  that  tem]xrature  rises  of  onlv 
2o'C.  to  ^o  C.  will  be  engendered  by 
continuous  full-load  running.  By 
keeping  the  ratio,  and  cons«H]uentlv 
the  temperature  rise  for  rated  load,  low, 
two  things  are  accomplished.  In  the 
first  place,  a  big  overload  ca]>aritv  is 
available  before  the  machine  will  stall 
or  pull  out,  and  secondly,  the  power 
factor  of  the  alternating  current  supply 
system  is  adversely  altcctid.  It  is  a 
matter  for  the  user  to  decide  whether 
the  value  of  the  former  out-balances 


the  ellcct  of  the  latter,  but  in  the  case 
of  "  motors  on  the  mains  "  he  could 
hardly  fX]xTt  a  central  station  willingly 
to  recommend  the  motor  of  low  rating, 
on  account  of  the  bad  effect  such  a 
proceeding  would  exercise  on  its  system 
if  that  policy  were  generally  followed. 

Limits  to  Economy  in  Small  Tnrlliaea* 

IN  striving  after  the  utmost  operating 
economy  in  steam  power  plant,  the 
fact  should  never  be  lost  sight  of 
that  first  cost  and  reliaV)ility  are  factors 
wliich  have  very  im^rtant  effects  upon 
the  ultimate  fmancial  balance.  Take 
the  case,  for  instance,  of  small  steam 
turbines  for  driving  exciters,  pumps, 
or  similar  auxiliary  machinery-  Ihe 
average  efficiency  of  such  small  steam 
turbines  is  between  25  per  cent,  and 
40  per  cent.,  Init  so  far  as  oniy  technical 
considerations  ami  possibilities  are  con* 
cerned,  there  is  no  good  reason  why 
this  figure  should  not  be  carried  up  to 
approach  65  per  cent,  and  the  efficien- 
cies of  larger  turbines.  Efficiency  is 
determined  by  the  periplieral  speed  of 
the  tiu-bine  wheels  and  by  the  numbw 
of  stages.  For  instance,  a  single  stage 
machine  running  at  2,^00  r  p.m.  with 
a  2  ft.  diameter  rotor,  and  four  rever- 
sals, would  be  about  J5  to  40  per  cent, 
efficient,  but  by  increasing  the  wheel 
diameter  to  4!  ft.  the  efficiency  would 
come  up  to  about  60  per  cent.  Now 
first  cost  follows  Very  nearly  the  square 
of  the  wheel  diameter  in  small  turbines, 
so  that  a  xoob.p.  machine,  designed 
with  a  2  ft.  wheel  for  the  lower  efficiency, 
would  only  be  about  one-fifth  the  price 
of  one  witii  a  4J  ft.  wheel  for  the  higher 
efficiency  figure.  As  regards  reliability, 
the  wh(>el  strokes  in  the  second  machine 
would  be  about  five  times  as  much  as 
those  in  the  smaller  wheel.  The  morals 
to  be  drawn  from  the  alxtve  are,  that 
in  ordering  small  turbines  the  question 
of  first  cost  for  varfou>v  ]h  rformances 
should  be  ver\-  t,trefull\-  mve>tigated, 
and  that  reliability  should  never  be 
sacrificed  to  a  highly  economical  water 
rate. 
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Liquid  StMli  Itu  M*n«lact«rtt  and 

Cost. 

Daviil  Carnegie,  aMitted  by  Sidury  C.  C.holwyn. 
I^iiginaiis  and  Co.,  LoBdon,  1913.  'S«- 

In  tfiese  modem  times  of  industrial 
progress  and  strenuous  competition, 
the  importance  of  applied  science  has 
been  usefully  recognised  in  combatinp 
the  conditions  met  with,  but  the  added 
burden  of  legislative  taxation  has 
rendered  further  economies  paramount, 
which  can  perhaps  best  be  attained  by 
the  reduction  of  costs  in  manufacture, 
hence  we  welcome  the  writer  who  gives 
these  considerations  special  prominence, 
both  in  regard  to  initial  cost  of  plants 
described  as  well  as  working  expenses. 
•Although  the  value  of  such  costs  is 
more  or  less  relative  owin^  to  local 
considerations  in  each  individual  case, 
allowance  being  made  for  these,  the 
voluminous  estimates  and  costs  con- 
tained in  the  present  volume  should 
be  '*f  extensive  use  in  practically 
effecting  that  economy  in  manufac- 
ture which  should  be  the  aim  of  every 
successful  manufacturer. 

This  useful  work  contains  10 
plates  and  252  illustrations  relating  to 
the  principal  processes  in  use  in  the 
manufacture  (A  steel  at  the  present 
time,  and  it  is  only  doing  bare  justice  to 
the  authors  in  paying  adeserved  tribute 
to  their  discriminative  selection  of 
subject  matter  and  their  able  treatment 
of  it. 

On  perusal  we  find  over  500  pages  of 
useful  information  to  the  student 
who  is  inclined  to  take  his  lesson  in 
prime  costs  in  connection  with  the 
production  of  "  Liquid  Steel." 

Fire  Protection  in  Buildings. 

By  Harold  G.  Holt,  A.R.I.B.A.  Croaby.  Lockwood 
■ad  Son.    London,  1913.   Ss.  6d.  net. 

This  volume  embodies  the  matter 
contained  in  various  articles  contri- 
buted by  the  author  to  technical  jour- 
nals, amplified,  however,  antl  brought 
fully  up-to-date,  It  i-  ided  into  two 
parts,  the  first  deahng  with  construction 


and  the  second  with  fire  extinction.  In 
the   former,  general  memoranda  of 

terms  and  standards  are  given,  with  a 
foreword  on  the  work  of  the  British  i-ire 
Prevention  Committee.  Complete  iso- 
lation, limitation  of  cubical  contents, 
frame  and  floor  construction,  fire 
resisting  doors,  and  column  protection 
are  fully  discussed,  accompanied  by 
illustrations  and  diagrams  showing  the 
different  systems  and  the  effects  of  fire 
upon  them.  In  the  latter  part,  the 
opening  chapter  is  devoted  to  the  cause 
m  fire  outbreaks  and  methods  of  pre- 
vention of  some  the  more  frequent, 
while  in  the  succeding  chapters  chemical 
extinctcurs,  sprinkler  and  hydrant 
systems  are  described,  and  their  effi- 
ciency contrasted.  Appendices  include 
L.C.C.  regulations.  Fire  Offices  Com- 
mittee's rules,  a  resume  of  the  London 
Building  .\ct  and  much  other  useful 
data.  Altogether  an  excellent  little 
book  at  a  small  cost,  concise  in  style, 
and  crammed  with  technical  details 
which  should  be  in  the  hands  of  archi- 
tects, engineers,  fire  insurance  surveyors 
and  all  others  interested  in  so  vital  a 
subject. 

TIm  Principles  ot  iMhistrial 
Economy. 

By  Robert  \V.il.h.  F  C.A..  F.S.S.     P.  S.  Ktos  and 

Son,  Lontloti.    (i^  ni-l. 

Whether  one  agrees  with  the  con- 
clusions drawn  by  the  author  of  this 
volume  or  not,  there  is  no  doubt  that 
it  represents  the  results  of  exhaustive 
research  and  embodies  very  valuable 
information  in  an  easilv  accessible 
fonn  on  the  subject  tiealt  with.  He 
criticises  very  strongly  the  iniquitous 
legislation  that  has  practically  placed 
Trade  Unions  above  the  reach  of  the 
law.  The  author  does  not  condemn 
sound  trade  unionism,  but  argues  that 
at  the  presint  time  they  do  not  exercise 
their  true  functions,  but  act  in  re- 
straint of  trade.  In  other  words,  they 
restrict  that  freedom  of  trade  which 
the    pohticians    responsible    for  the 
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Icgiblatioi)  that  has  placed  the  unions 
in  this  anomalous  position,  so  earnestly 
adv(Kate.  With  rfj:;ard  to  our  fiscal 
system,  Mr.  W  alsh  urges  that  we  have 
only  been  able  to  maintain  our  progress 
in  export  of  merchandise  by  cutting; 
profits  to  a  ruinous  extent,  and  tiiat  our 
progress  in  output  can  only  be  done 
with  gradually  dimini^^hing  profits  on 
an  increased  turnover,  and  states  that 
the  history  of  several  other  nations  has 
shown  that  tin  luUjption  of  a  system 
t)f  free  import-.  ltd  to  thi-  irradual 
decay  of  ihtir  iiKlu^tries.  Of  t<jurse, 
the  amount  of  literature  dealing  with 
this  subject  turned  out  (hirini,'  the 
last  few  years  has  been  enormous,  but 
this  volume  is  written  from  a  practical 
rather  than  a  theoretical  point  of  view, 
and  may  be  regarded  as  a  useful  addi- 
tion. 


Engineering  of  Antiquity  and  Technical 
Progress  in  Arts  and  Crafts. 

lu  (..  r.  Zimmer,  A.M.Inst.C.E.     Probsthain  and 

to.,  Li'lllloll.      !•(!  3. 

It  is  seldom  that  matter  of  such 
archaeological  and  engineering  interest 
is  so  skilfully  bUnded  as  it  is  in  this 
little  volume.  The  author  deals  in  a 
fascinating  manner  with  the  early 

records  of  ('iiL,n'n<  criiiL:,  selecti'<l  from  a 
mass  of  information  obtamed  by  ex- 
haustive research  among  ancient  records 
at  the  British  Museum  and  elsewhere. 
The  antiquity  of  metals  is  first  dealt 
with,  and  the  author  is  of  opinion  that 
the  ase  of  iron  preceded  bronze. 
According  to  Chinese  annals,  the  intro- 


duction  of   iron   took  place  about 
2940  B.C. ;  Biblical  records  state  that 
Tubal  Cain  used  brass  and  iron,  which 
would  be  alxmt  jooo  B.C.  Herodotus, 
however,  says  that  iron  tm^ls  were 
used  by  the  builders  of  the  P\  ramids 
and  the   tombs  of  Memphis,  which 
date  back  4,000  years.  Gold  was  prob- 
ably kn<nvn  and  used — then  as  now  for 
ornamental  purposes  only — even  long 
before  this.    An  interesting  chapter  is 
devoted  to  the  c  hm  \  ing  of  loads  from 
earliest  times,  and  discusses  how  the 
colossal  M,i;\i)tian  statues  were  trans- 
ported ;  the  buildini^  of  the  l'\Tamidsis 
also  dealt  with.     Ihe  ceiieial  |>rincij>le 
adopted  for  moving  heavy  load>  wa* 
the  application  of  physical  force,  huge 
numbers  "f  ]  fi>i'le  bcitii:  emj)lo\'ed. 
As  to  the  medmm  employed,  opinions 
are  divided  between  levers,  rocking- 
cradles  and  incline<l  jilanes,  thouf^h  the 
lirst  two  appear  most  probable  for 
such  work  as  the  building  of  the  Pyra- 
mids involved. 

Tile  book  i<  v«;r\'  fiillv  illustrated 
witli  tjuaint  jnctures  from  old  l>as- 
reliefs,  &c.,  and  is  crowded  from  cover 
to  cover  with  interestint:  matter.  We 
certainly  hojjc  that  the  author  will  add 
in  another  volume,  more  of  the  informa- 
tion he  accumulated,  but  which 
could  not  be  mcluded  in  tiie  present 
volume  owing  to  lack  of  space. 

A  Dictionary  of  Applied  Chemistry. 

Vol.  IV'.  By  Sir  Edward  Thorpe, 
C.B,f  LL.D.,  F.R.S.  Messrs.  Long* 
mans  Green.   London,  1913.  45s.  net. 
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Aerial  Transport  in  China. 

COAL  mining  operations  were 
carried  on  even  in  ancient  times 
in  the  province  of  Sliansi,  in 
China,  the  peasants  extracting  the  coal 
from  surface  seams  and  selhng  it  to  a 
transport  company.  This  company 
has  provided  the  capital,  Pckin,  with 
coal  from  time  immemorial,  and  for 
this  purpose  laid  out  roads  from  there 
to  the  coal  district,  over  which  immense 


caravans  of  mules  and  camels  conveyed 
the  coal.  The  traffic  on  the  roads 
became,  however,  so  dense  that  the 
causeways  over  the  river  had  to  be 
doubled,  so  that  the  loaded  caravans 
would  not  interfere  with  those  re- 
turning. These  causeways  were  simply 
dams  piled  up,  internipted  at  places 
and  connected  by  planking,  or  some- 
times faggots  were  filled  in  and 
weighted  with  stones  and  earth,  in 


VISW   or  TBC   MOUNTAIN   OF  THE   TEMPLI   ;OSK*!«     SHOWDfC   ROPEWAY  SUrrORT  OS   THI  StMKIT. 

Tllli  AEKUL   use  IS    I)   MILEi  LONC. 
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LARCK  SPAN   OVER   VALLEY,   NF-.VR   TUP   TOU   CCNTRAL  -ir^TION   Or   THE   AERIAL  R^II.WAV 

ut  Tiie  rhKiN  Salt  giilu. 


order  to  allow  a  pass.if^c  for  the  water 
through  the  fafi.i,'ots.  The  Pt  kin  Salt 
Guild,  which  citects  the  transport  ot 
the  coal,  has  now  installed  an  extensive 
wire  ropeway  plant,  on  the  system  of 
Messrs.  Bleichert's  Aerial  TransjT<jrters, 
Ltd.,  London.  The  ropeway  com- 
mences at  Toli  railway  station  and  then 
runs  about  6  miles,  with  an  angle 
station  in  the  middle,  to  a  central 
station.  Here  the  line  divides  into 
two  branches.  The  first  branch,  4^ 
miles  in  length,  runs  at  an  angle  to 
the  end  station  Hung-Mechan  ;  the 


second,  alwut  5  miles  long,  having  four 
angle  stations,  leads  to  the  end  station 
at  Chin-Chian-Kon.  The  entire  rope- 
way plant  has  a  total  length  of  about 
15  miles  and  has,  including  the  end 
stations,  13  intermediate  and  load- 
ing stations,  in  which  the  coal  is  brought 
from  the  individual  mines  to  the  wire 
ropeway.  The  coal  is  th<'n  carried 
by  the  ropeway  via  the  central  station 
to  the  Toli  station,  where  it  is  loaded 
on  the  railway.  The  hourly  capacity 
of  the  line  amounts  to  50  tons.  In  the 
two  illustrations  views  of  this  remark- 
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able  wire  ropeway  plant  are  shown, 
one  showing  a  part  of  the  ToH  central 
station  section  with  the  large  span 
over  a  broad  valley.  In  the  bark- 
ground  on  the  rigiit-hand  side,  notice- 
able by  a  white  spot,  the  line  to  the 
central  station  Chin-Chian-Kon 
branches  off,  a  cutting  having  been 
made  in  the  marble  stratum,  in  order 
to  avoid  a  deviation  in  the  course  of 
the  track.  The  other  shows  the  Moun- 
tain of  the  Temple  Joshan,  on  the 

K 


Messrs.  Lassen  &  Hjort.of  London,  show- 
ing one  of  their  rectangular  design  patent 
automatic  water  softening  ])lants  in  full 
working  order,  softening  London  water 
from  17^  to  2^.  Tlie  hard  water 
entering  alternately  tills  each  side  of  a 
double-chambered  receiver  (see  photo- 
graph)— which  when  full  overbalances 
and  allows  the  water  to  be  displaced 
from  the  ti3)per  bo.\  through  the  stand 
pijx;  into  the  tirst  compartment  of  the 
softener.  At  each  turn  of  the  tipper,  a 


HARD  WATER 

INLET. 


SOFT  WATER 
OUTLET 


WATER   SOFTENING    PLANT    OF    MF.SSRS.    LASSF.K    AND   ll|ORT,'OP  LONDON. 


summit  of  which  a  support  has  been 
placed,  which  carries  the  wire  ropeway 
over  the  consecrated  ground  of  the 
Temple.  This  aerial  wire  ropeway, 
which  reflects  great  credit  on  Messrs. 
Bleichert,  is  a  sign  of  the  times  in 
China — and  apart  from  its  engineering 
interest  is  indicative  of  the  new  spirit 
that  is  manifesting  itself  in  this  country. 

Water  Softening  Plant 

An  interesting  exhibit  at  the  recent 
MiningMachinery  Exhibition  was  that  of 


certain  amount  of  chemical  re-agent 
passes  through  the  patent  chemical  dis- 
charge valve  fitted  to  the  bottom  of 
the  semi-circular  chemical  container, 
when  it  meets  the  incoming  water. 
The  valve  in  question  is  very  easy  of 
adjustment,  so  that  the  amount  <if 
chemical  re-agent  can  be  altered  with 
the  utmost  nicety.  The  water  and 
chemicals  meet  in  the  first  compart- 
ment of  the  softener  where  the  chemical 
reaction  takes  place,  and  the  hardness  is 
deposited  in  the  form  of  a  liquid 
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sludge  on  the  floor  of  tlie  tank.  Tlu- 
water  then  passes  upwards  tlirough  the 
filters  and  finally  into  the  softened 
water  storaj;*'  compartment  at  the  end 
of  the  jjlant.  A  ball- valve  operates  in 
the  storaqe  compartment,  so  that  when 
full  the  supply  of  liard  water  to  the 
plant  is  automatically  cut  off. 

The  chemicals  used  are  Ix^t  fresh  burnt 
lime  and  soda  ash.  botii  purchasable 
in  the  open  market,  and  the  cctst  of 
treatment  in  the  majority  of  causes  is 
only  a  fraction  of  a  penny  p<'r  1,000 
gallons.  T!ir  tihcriiiL;  niatctial  i>  com- 
posed of  a  sjx-'cial  luie-gradc  wood 
wool,  which  can  be  used  over  and  over 
again  after  cleaning,  so  that  tlie  co>t  on 
tliis  score  is  negligible.  The  attention 
required  by  the  plant  does  not  exceed 
half  an  hour  daily,  to  replenish  the 
chemical  contain<'r  and  open  the  sludge 
cocks  for  a  minute  or  two  ;  the  liltcrs 
require  cleaning  on  the  average  about 
CV<'ry  eight  weeks. 

In  all  cases  where  a  ])lant  of  rectan- 
je^lar  desii^n  is  not  suitable,  a  cylin- 
drical ])lant  can  be  supplied  which 
carries  out  the  process  equally  well. 


A  New  Dynamometer. 

We  have  received  details  from 
the   Griffin   Engineering  Co.,  Ltd., 

of  Bath,  of  a  new  dynamometer, 
which  they  have  recently  placed  on 
the  market.  The  apparatus  is  a 
modification  of  the  firm's  original 
central  ■•N]);niding  armatiire  dynamo- 
meter, and  while  embodying  the 
special  points  of  this  type,  is  specially 
arranged  to  adapt  it  for  accurate 
readings  at  the  highest  speeds  under 
all  variations  of  load  or  torque. 

It  consists  essentially  of  an  en- 
closed conical  ended  dnun,  in  the 
interior  of  which  are  two  adjustable 


conical  friction  discs  mounted  on  a 
central  shaft  which  is  actuated  by  the 
motor  or  other  source  of  power  to  be 
tested,  the  frictional  contact  between 
tlie  discs  and  the  corresixjnding  ends 
of  the  dnim  being  regulated  bv  an 
exterior  li.iiiil  \\ heel  in  accordance 
with  the  load  to  be  measured. 

The  cooling  is  effected  by  a  small 
stream  of  water  which,  passing  into 
the  drtmi  at  the  lower  part  of  it';  p<'ri- 
phery,  is  maintained  in  cun>tant 
contact  with  the  frictional  surfaces 
by  cmtrifiigal  ac  tion  anil  dischari,'ed 
opposite  the  inlet  alter  being  swept 
entirely  round  the  inner  surface  of 
the  dnnii.  All  frictional  heat  thus 
dissipated  with  the  minimum  quantity 
of  cooling  water,  which  further  acts 
as  an  eflicient  lubricant  between  the 
frictional  surfaces.  The  dnim  is 
mounted  on  trunnions  which  oscillate 
on  ball  bearings.  Negative  resistance 
i<  thus  i>ractically  nil,  the  whole  of  the 
turning  energ\"  impartetl  to  the  discs 
being  transmitted  through  a  lever 
(attached  to  the  dnun)  ihrectly  to  a 
dead  weight,  the  reading  being  given 
at  the  spring  dial,  or,  as  an  alternative 
arrant;(ni<nt ,  tlir  pull  may  be  taken 
direct  on  the  .spring  without  the  inter- 
vention of  the  dead  weight. 

The  discs,  being  in  perfect  balance 
with  a  torsional  strain  only  on  the 
shaft,  the  entire  apparatus  remains 
perfectly  steady  at  all  speeds  and 
loads.  Shaft  connections  mav  bo 
made  direct  either  by  means  of  solid 
or  flexible  couplings  or  through  an 
intermediate  cardan  or  flexible  shaft, 
the  latter  being  specially  >uitahlc  for 
the  lighter  powers  and  high  spuds, 
as  perfci  t  alignment  not  l)eini,'  neces- 
sary, driving  connection  is  easily  and 
expeditiously  made. 
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1  I  It  '-  Ih^'Hm;'       t  ivil  1- M2iii'>-r<i.  ^lill  n  iain- 

ins  I  I'liti'  i  I ii  HI  ^u^!l  ib.'  Trii«t .  lii>\v'  \  «-r,  in  th  ■  .<  it y 
of  coiiaIiIIiiiu  riigiiiicr  to  thr  l<o^«r«J.  tioni  at  iloiv- 
head  in  iH$2, — hi*  father  at  that  tini«  hring  th« 
enffin^er  in  rtaarKe  of  the  work  on  the  Holyheait 
l>ri-.ik\\.it<T — he  wits  i-fliuMtpil  at  Ilnrrow,  ainl  llnnn. 
i.-  rni  iiiv,  aiul  Ihcri  <  ntrrril  thr  '•tmiiHTr'*  t'epprtinciit 
i4  Ihf  Mt-r-rv  Um  .tikI  H.irli<nir  ll".ir<l  .is  .1  juipil. 
After  "hi*  lii"  sih-ii:  -.oiiir  tinii  111  tji-  >'.<iik.,  "(  >ir 
William  ArmstruiiK  at  i.Uuak.  aii<l  Ihrti  rrtiini'vl  tu 
Liverpoot,  where  he  wa<  encased  on  important  dark 
work*.  It  is  not  onlr  with  the  freat  Liverpool  dorks 
that  Mr.  l.Vf'rr  has  Ihhti  ronnwted,  for  he  mn- 
suited  in  rrK^n*  lr>  thr  ilrrrtKin^oC  New  York  ti.irUoiir, 
an<I  hf  h.i.  ■l(»ietie<1  ilmlef-rx  lor  ii^e  011  Ihr  Th.iiiiis 
aiiil  H''i»!lili  llr  h.i*  aUi)  li< m  1  oiisiillr-d  bv  Ihr 
<-iuthuriti<-s  Port  i-^lizabrlh,  Slianifhai,  and  niinirrous 
other  forelRa  fforti  at  to  the  comtmrtioa  ot  harhour 
works,  tie  is  a  member  of  the  Consnltaltve  Com- 
nil«>-ioii  of  thi-  Siipz  Canal,  a  Colonrl  nf  thp  Railway 
JitaH  Corp*,  atid  an  A»*o<-i.ilr  IVolf^-ior  and  M.I?, 
iif  l-iv<  ri".  n|  t'liivrrsitv.  M<-  li  i-  tr.ivt  llfd  in  Fg\  (it 
:>ii'i  till-  l  inlr-  !  *s!.(l*-s  ill  his  |:ri't*-ssn>ii-il  cap  i- 1 1  v. 
lir  ■<■  UKU  a  partiirr  id  the  hrm  of  Sir  J.  Wolf  Uarry. 


=0 


Digitized  by  Google 


ANTHONV  G.  LYSTER, 

PRF.SIDF.NT  OF  THE  INST.C.E. 
Sec  reverse  slOe. 


Digitized  by  Google 


Cassier's  Engineering 

Monthly 

INCORPORATING   CASSIER'S  MAGAZINE 
VOL  XLIV  SEPTEMBER,  19x3.  NO.  3 

ELECTRIC  RAILWAYS 

A  CRITICAL  SURVEY  OF  A  YK AH  S  WORKING. 
By  Ow«a  M.  dc  Maaakk,  CE.>  EJL 


THE  demands  on  overhead  con- 
struction for  electric  railroads 
at  high  speeds  arc  quite  different 
to  those  for  the  ordinary  tramcar  lines. 
The  increased  speed  necessitates  that 
the  c'lnductin^  wire  be  Imng  almost 
pertecily  level  and  in  a  non-rigid 
manner  for  each  uneven  or  rigid  point 
jars  the  contact-lv»wor  trolley-contactor 
causing  it  to  spark  and  im  larting  a 
trctnbhnc;  motion  to  it  at  high  speed 
which  result ^  in  a  series  of  sparks. 

The  application  of  liigh  tension 
(alternating)  current  has  also  made  it 
necessary  to  apply  other  means  of 
suspending  and  insulating  the  con- 
ducting wire. 

Different  electric  railroads  running 
on  hi^di  voltaf^je,  sometimes  using 
alternating  current  up  to  15,000  volts, 
are  now  in  operation  in  England, 
IVnnrc.  Germany,  Italy,  Switzerland, 
Norway,  Holland  and  America.  Not 
all  these  new  equipments  ha\-e  proved 
to  be  sur<  rssfnl  and  economical,  as  the 
train  control  by  alternating  current, 
especially  the  multiple  unit  system, 
has  not  yet  reached  a  state  of  perfection 
and  some  of  the  motor  types  have  not 
proved  to  be  reliable  and  suitable  for 
such  kind  of  electric  energy.  Many 
improvements  must  still  be  made 
before  alternating  current  can  success- 
fully, economically  and  universally  be 


applied  to  heavy  railroad  service  under 

all  conditions. 

A  successful  method  was  found  in  the 
catenary  system,  which  permits  the 
conducting  win  hiin,!.,'  suspended  at 
short  interval^,  and  in  (|uitt'  a  flexible 
manner.  An  easy  and  reliable  insula- 
tion of  the  high-tension  current  could 
also  be  obtained  V)y  this  method. 

There  arc  at  present  a  number  of 
different  types  of  catenary  systems, 
each  company  having  its  own  methods 
and  patents. 

One  of  the  simplest  combinations  is 
shown  by  the  accompanying  photo- 
gra^lis.  (Figs.  1-3.^  A  solid  steel  wire 
carries  the  conductmg  wire  at  intervals 
Longer  distances  between  the  poles  can 
be  allowed  than  hv  tlu-  ordinary  sus- 
pension method  which  atfects  a  saving  of 
a  considerable  number  of  poles  on  long 
and  straight  tracks.  This  constnictinn 
is  specially  suitable  for  inter-urban 
lines  with  trolley-contactor  running  at 
speeds  not  exceeding  40  miles  an  hour. 
For  cars  travelling  at  higher  speeds, 
a  bow-contactor  is  advisable  as  the 
trolley-contactor  is  apt  to  imj^art  a 
sideways  swing  .to  the  system  which 
results  in  the  contact  wheel  leaving  the 
conducting  wire  and  causing  abnormal 
wear.  Very  high  tension  is  nev(T 
applied  to  suburban  railwa\  s,  so  that  a 
special  means  of  insulation  has  not  to 
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nr..  t.-  tiriirss  ^CMiTKruT  siMrir  cati-nabv  srsrrvsioN  r»,or>o  volt  a.c. 
I5laiik<Mi'--p  HiitiilnirR-KhU'lorJ  Line.    I  .ir*  rq«iipp«'i|  with  Imw  rontnclors. 


be  consideml.  Many  lii^lit  railways 
with  catenary  construction  usint;  a 
voltage  ranj^ing  from  300  to  2,400 
volts  D.C.  are  now  oj>erated  in  America. 
The  latest  reports  have  shown  very 
favourable  results. 


It  is  true,  that  the  third-rail  con- 
ductor is  almost  the  cheapest  and 
simplest  manner  of  supplying  ami  dis- 
tributing electric  energy  to  the  trains, 
but  a  private  right  of  way  is  necessary 
for  such  an  ecpiipment.    It   is  dan- 


nc.       —  SIMPLE   CATr.NARV    SVSrENStON.      l,2(in  VOLT  D.C. 

Three  steel  car  ir.iin  «'<nii|)pfil  uiih  liow  Knii.irtor.    Sontlu-ru  I'.uitic  Railroad  (.M.itnrda  division;, 

C.ililornia,  L-.S.A. 
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pcrous  in  tkuscly  iJopulatcd  lU'ifih- 
Ixiurhoods  with  many  lewl  cTossiiiK^^. 
In  Europe  it  is  only  applied  to  under- 
ground or  viatluct-railways  with  such 
extoptions  as  for  instance  l'aris-\'er- 
sailles  or  the  jiortions  of  the  under- 


Shoro  Liiif  I'.lL'ctric  KjiI^n.iv  (LoiuKxlicut,  L'.S.A.). 
I,JuO  vult  1>.C. 


{ground  railways  of  the  Metropolis 
which  are  extendi  d  to  the  outskirts  antl 
neifihbourinj^  districts  (London  Metro- 
politan Railway).  In  America  how- 
ever, many  lines  on  the  level  arc 
operated  by  the  third  rail  even  up  to 
1.200  volts  I).C.  (Central  California 
Traction  Company.)    (Figs-  4  and  5.) 

For  heavy  railroad  service,  more 
elaborate  catenary  suspensions  have 
been  devised,  but  up  to  the  present 


»■<..  4.      I IIIMII  M  ^11.  «  *>M>I  >  I  >>M  I  Mil  rHIM  Ul  I  II  SU- 
CALLI!I>  ■■  VM>I.K  m'NNIN'i*'  MIOK  COMACIUH. 

i.^oo  v<»tr  r>.r, 
CaltloruU  Tfitclidii  Cuiii|niiiy  ^CHliiuniia,  I'.S.A.). 


time,  none  of  them  can  be  conside  red 
abs<ilutely  perfect.  The  American 
Westingliouse  Company  for  instance  has 
constructed  a  catenary  system  con- 
sisting of  three  carrying  wires  connected 
together  by  triangles  on  which  the 
conducting  wire  is  hung  to  the  lowest 


of  the  three  wires  by  means  of  clams. 
(I-'igs.  ()  and  «^.)  This  system  is  used  on 
the  New  Haven  and  Hartford  Railway, 
and  is  an  impn»vement  of  the  oMer 
London,  Brighton  and  South  Coast 
Railway  construction,  by  which  the 
lowest  wire  was  used  directly  as  con- 
ducting wire.  (l"ig.  7.)  This  con- 
struction, however,  has  not  proved  to  be 
altogether  successful.  The  enormous 
weigiit  is  certainly  a  great  drawback 
as  cross-girders,  anchor-poles,  etc.,  con- 
setjuently  become  excessive  in  dimen- 
sions and  owing  to  the  increased  stress 
due  to  wind-pressure  on  the  wires,  all 
these  structures  must  be  made  strong 
enough  to  withstand  excessive  occa- 


riO.    i. —  rSDCB    Ktr.VMNC    THIHU    RAIL  SVSILH. 

j,:oi>  von  r>.<\ 
Cjliloniia  Traction  Company  (California,  U.S.A.). 


sional  strain.  The  arrangements  at 
crossings  and  junctions  become  very 
complicated  antl  heavy.  Exceptional 
accuracy  must  Ix'  exercised  during  the 
construction  of  the  system  to  previ-nt 
distortion  of  the  ])araboloid  which  is 
formed  by  the  three  wire>^.  The  great 
rigidne».s  of  this  construction  is  partiv 
eliminated  by  the  clams  which  carry 
the  c(m<Uictijig  wire,  but  not  surti- 
cienlly. 

A  very  important  point  which 
should  be  considered  in  all  overhead 
wiring  systems  is,  that  the  free  outlook 
from  the  train  must  remain  unob- 
structed. Semaphores  an<l  other  signals 
should  have  a  proper  background  to 
allow  quick  determination  of  tiieir  posi- 
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nc.  8. — wt^riNCiiOL'se  TRMNoLt:  catenahv  cox. 
>TRl  rili)\. 

Nrw  V"rk,  NVw  >l.iv<-ii  ami  ll.iririir<l  R^iilroHil. 
Si'm<t|>hi>ri>  .itt;»t  ln-'l  111  cri'si  (jirdor-.,  ditticuU  tu 
tli!>tiiigui>h  at  a  ilhtaiiLV. 


tion.  It  will  be  readily  untk-rstood  that 
the  West infihousc  catenary  system  clues 
nut  met.'t  these  recjuirements  in  every 
respect,  as  the  enormous  intricate 
structures  with  their  wires,  are  confus- 
ing and  liable  to  prevent  the  engine 
driver  from  distinguishing  the  signal  at 
a  proper  distance,  specially  on  gradients 
and  at  curves. 

On  the  Harlem  Kiver  Section  of  the 
New  Haven  Railway,  another  combi- 
nation has  been  tried  in  which  the 
triangle  construction  was  abandoned. 


instead  of  the  single  long  span  from 
mast  to  mast,  as  in  the  triangle  con- 
struction. This  idea  has,  however, 
proved  not  to  answer  expectations  and 
a  new  improvement  is  on  trial  at 
present  on  the  Boston-Providence  line, 
now  in  course  of  construction. 

It  is  a  well-known  fact  that  change  of 
temperature  influences  the  stress  of 
the  wires  and  consecjuently  also  their 
sa '.  If  this  action  of  the  temperature  is 
not  automatically  controlled,  it  will  be 
readily  understood  that  the  conducting 
wire  will  not  hang  perfectly  level  under 
all  weather  conditions. 

The  German  firm  Siemens,  Schiickert 
Werke  in  Berlin  has  a  method  by 
which  the  influence  of  the  temperature 
on  the  conducting  wire  is  controlled 
by  means  of  weights.  The  conducting 
wire  is  divided  into  sections,  about  a 
mile  long.  At  the  end  weights  are 
connected  to  this  wire,  which  maintain 
a  constant  strain.  Expansion  and  con- 
traction are  thus  balanced.  The  other 
wires  {i.v.,  the  paralxilical  and  parallel) 
are  not  under  ccmtrol.  their  sag  ctmsi'- 
ijuently  will  increase  or  tlecrease  accord- 
ing to  chang«'s  of  tempi-rature.  This 
involves  some  movement  of  the  vertical 
suspension  wires  and  also  of  the 
clams  which  carry  the  contlucting  wire 
but  as  the  weights  are  keeping  this  wire 
in  almost  a  straight  jiosition,  little 
effect  is  caused  by  it.  A  special 
construction  was,  of  course,  necessary 
at  the  places  where  two  sections  meet 
and  the  strain  is  conducted  to  the 
weights  hanging  alongside  the  poles. 

(I-iK.  9  ) 

Another  Berlin  hrm,  the  Allgemeinu 


FfC.   0.  —  SimENS  SCHtiCKFUT  RVSIBM. 
ExpausioD  and  cont  Tar  tion  of  conduct!  ns  » irr  C  contrnllcil  bv  nt-iKht^  P.     Dotted  lines  show  positioaof 
parabolical  wire  U  and  parallel  wire  E  in  hot  weather. 


Here  each  «pan  is  intersected  by  two 
channel  iron  cross  bars  carried  by  steel 
cables  connected  to  thecross  girders,  and 
and  bridges  on  the  poles.  The  system 
rests  on  these  bars,  thus  forming  three 
smaller  spans  between  each  pair  of  poles 


Elektri/.itaet  (iesellschaft  has  intro- 
duced a  system  by  whicli  all  wires  are 
movable  and  controlled  by  weights  so 
that  all  drawbacks  due  to  the  influence 
of  temperature  are  eliminated.  An 
ideal  system,  in  every  respect,  did 
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HC.    lO. — S.S.W.  CUKSTHCCIIUV. 

RoKcrJdUl  The  ILigiie. Scbcvcuiogcii  E]i:«:tric  K.iilu.iy,  iv,ui>u  volt  A.C.    Svuiu(iburc»  visible  jbov« 

cro>i|girUcr>. 


nC.    IT. — A.K.C.  HF.rHOO.  »I0.   i;. — A.K.O.  r«  l  tS.^RV  CUNhTRI-CtlOy.  iioisiiv; 

Syalein  construct  id  aloiiti^ulr  i>(  tracks  l<i.'(arc  lii>i>titii;  toMPLtiKU  s>VsitM  am>  ishin^^ing  os  place.  Ovi;r 
in  pUoL-.    Ut'sNau-Uiltcrli'lt)  Liii':  (Gtrmatky).  imaik. 

10,000  volt  A.C.  '  DL'»»auUitlcrli-M  Liut  iCitriuaiiy).   ii>,ouu  volt  A.C. 
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not  rt'sult  thougli  it  has  many  good  and  brought  to  its  propt-r  phici-  after- 

ft-atures.  wards.    At  the  stations,  it  is,  of  course, 

Durinj;  a  number  of  years  ditlerent  imjx)ssible  to  complete  the  catenary 

trials  have  been  made  on  their  expcri-  work  on  the  sidt-  of  each  track,  but  as 

mental  railway  at  Oramienburg  near  there  are  generally  several  tracks  at 


nr..  IV— ALi.r.»:MiiiMe  klkktri/itaet  cKsKitscHArx  roNsiRi-cfioy. 
Expatisiuti  an  1  conlr.^ttimi  uf  wir»->  A.  H,  C,  coierollcd  bv  »rii:hi-  I'.    Svvlciii  rr>(>  ^ii>I  revolves  on 
iu>ul.ator>  I).    L.<-vi'r  N  joiu»  the  three  uirc^  tognher  near  the  \vrighl>, 


Berlin  and  a  system  was  finally  evolved 
that  was  adopted  by  the  Prussian 
State  KaiKvay.  For  trial,  in  1910 
the  line  Dessau-Bitterfeld  (steam  road) 
was  partly  equipped  with  this  system 
(Figs.  ii-iO),  the  other  part  being 
equipped  by  the  S.S.W.  Company  after 


K. 


hand,  one  track  can  easily  be  blocked 
until  finished,  and  the  next  can  be 
taken  up  afterwards. 

In  the  accompanying  drawings  of 
the  A.l£  (t.  system  (Figs.  13  and  14), 
three  spans  of  the  overhead  line  and 
the  method  of  connecting  the  weights 


B 


H 


nc.  t|. — A.r.r..  r^TFNAnv  ro\-.iKiiriio!*. 
Drtail  of  the  support  at  i.  r<)s>  girrler.         the  insulator  ua  whithavaiem  ri-vi^lves  by  ch»ngcof  teiiipcralure. 


their  method  as  already  described 
above.  It  will  be  of  great  import- 
ance when  the  extensions  to  Magdeburg 
Leipzig  and  Halle  are  made  as  the 
distance  Dessau  Bitterfeld  is  hardly  27 
miles  long  and  too  sljort  for  making 
long  distance  trials  at  high  speeds. 

A  special  feature  of  this  method  is 
that  there  is  no  nece>sity  to  block  the 
line  during  construction,  as  in  all  other 
systems.  Blocking  one  line  means 
endangering  the  traffic,  as  all  trains 
in  both  directions  have  to  pass  over 
single'  track.  How  many  accidents 
are  liable  to  occur  was  i)rovcd  during 
the  construction  of  the  New  Haven 
roads.  The  A. E.G.  system  is  con- 
structed on  the  side  of  the  railroad 


arc  shown.  A  is  the  strain  wire,  B 
parabolical  suspension   wire,  C  con- 


1 

HC.    IS.  —  A. E.G.   CAItMAHV  SVStCM. 

Section  enJ  wilii  Irvet  *oii»iru<  tnjn.  Wnichts  hauling 
•iloiiKsiJi:  pulca.  Dcr»iiu- Ulttertcltl  Liuv.  tu,uuO  vult  A.C. 
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►  Xr..    X6.  *.t.G.   CAItNABV  SVSIKll. 

Ci-iitrc  pole  with  itoublc  aton  arm  construction.    AiKlmr  pole     ta  lurrgruuuJ.     Uosuu-Uittcrfclit  Uu^. 

lu,ooo  vult  A.C. 


(liutin^;  wire.  H  viTticiil  suspension 
wire,  K,  and  K,  are  clutches.  \V  is 
the  loop  formetl  by  the  wires  A  and  B 
passing  In-low  the  cross  jjirder  ;  V  is  a 
flexible  wire  to  which  the  insulators 
S,  and  S.J  are  attached.  This  wire 
connects  the  clutch  K,  with  K,  and 
transfers  the  strain  from  one  side  to 
the  other,  as  the  loop  \V  is  handling 
loosely.  The  flexible  wire  1"'  is  insulated 
by  the  insulatt)rs  S,  and  S^,  and  rests 
on  the  insulator  D  on  the  cross  f^irdcr. 
(ialvanised  clutches  or  clams  are  used 
to  join  the  wires  tOf,'ether  where  neces- 
sary, as  no  connection^  are  made  by 
sokleriuf^. 

The  insulators  are  so  made  that  in 
case  one  of  them  breaks  the  whole 
system  cannot  fall,  as  the  two  wires  are 
looped  inside  the  insulator.  The  strain 
wire  A  is  provitled  to  assure  a  re{,'ular 
stretcli  of  the  parabolical  carrying  wire 
over  the  whf)le  length  (»f  a  >ection 
from  one  pair  of  weights  to  the  other 
pair  at  the  end  of  the  same  section. 
This  strain  wire,  of  course,  has  very 
little  sag.  The  clutches.  K,  and  K,. 
join  the  strain  wire  and  parabolical 


suspension  wire  together  at  each 
susjH'nsion  point  on  the  cross  girtler, 
transferring  their  strain  to  the  flexible 
wire  F.  The  loop  formed  under  the 
cross  girder  by  the  two  first  mentioned 
wires  is  necessary  in  case  an  after- 
regulation  of  one  of  the  wires,  or  even 
lx)th  is  needful.  By  using  a  pulley 
system,  the  weights  could  be  reduced 
to  one-fourth  of  the  total  stress  re- 
(|uired.  The  working  of  the  system 
is  as  follows  : — 

When  the  temperature  is  increasing, 
the  parabolical  carrying  wire  B  will 
expand,  thus  increasing  the  sag  or  in 
other  word  decreasing  the  strain. 
The  strain  wire  A  will  expand  to  about 
the  same  extent,  being  made  of  the 
same  material  (galvani-^ed  steel  cable). 
It'^  strain  will  also  decrease  ;  and.  as 
it  has  very  little  sag.  its  strain  will 
decrease  considerably  more  than  that 
of  the  paral>olical  wire.  The  weights 
at  either  endt'xercise  a  c»>nstant  strain, 
and  thus  stretch  both  wires  until  the 
t>tre>s  is  balanced,  when  the  ilrops  will 
be  exactly  the  same  as  before,  since, 
for  a  certain  constant  strain  there  is 
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always  a  certain  constant  drop  or  sa/^. 
A  drop  in  tin-  tcmiJcraturc  causes  an 
opposite  action  to  take  place.  The 
same  hapjM'ns  to  the  conducting'  wire, 
as  it  is  also  connected  to  the  same 
weights  at  both  ends  of  each  section. 
Near  the  connection  of  the  weights  is  a 
lever,  to  which  the  three  wires  are 
joined,  and  a  flexible  wire  bringing 
their  stresses  over  to  the  weights  on 
the  masts.  This  lever  is  necessary, 
because  the  strain  wire  and  parabolical 
wire  are  made  of  steel,  while  the  con- 
ducting wire  is  made  of  hard  br.)nze. 


IJC    17.  —  KIMPLC   CATENARY  COM  ST  BIO  Tl  O  ^f ,  SllnHI.NC 
CROSS   OVtH   ARKASr.I'MKN  r.      I.JOO   VOLT  U.C. 

SuUtbiTii     I'uci6c      KailroaU     (Alaiiictlj  <ii\'isiou), 
Calitornia,  U.S.A. 

These  have  different  temperature  co- 
ethcients,  which  this  lever  neutralises. 

To  start  the  construction  of  the 
system  small  hooks  are  fixed  to  the 
masts  at  eacli  side  of  the  railroad 
alxiUt  seven  feet  alK»ve  the  ground. 
On  these  hooks,  which  are  provided 
with  little  wheels,  the  flexible  wire  F 
(already  titteil  complete  with  the 
insulators  S,  and  S„  with  necessary 
clutches)  is  laid,  and  the  strain  and 
parabolical  wire  are  connected  to  this 
flexible  wire,  the  n-piired  drop  of  lx)th 
wires  being  regulated  at  the  same 
time.  This  drop  can  be  measured 
by  means  of  a  dynamometer  (measuring 
its  strain),  but  it  is  easier  and  suth- 
cicntly  exact  to  ascertain  it  in  the 


following  manner : — A  small  post  is 
erected  in  the  miildle  between  the  two 
masts  ;  three  movable  hands  are  htted 
to  this  {>ost.  The  top  one  is  level 
with  the  wheel  or  luMik  on  the  mast, 
the  other  two  hands  giving  the  tlieo- 
retical  sag  of  the  two  wires.  When 
this  is  done  with  all  the  spans  which 
belong  to  one  section,  the  vertical 
suspension  wires  can  be  fitted  on  and 
the  conducting  wire  is  hung  on  these 
wires  (after  being  stretched  on  half 
its  normal  strain).  When  the  system 
is  ready  over  one  complete  section,  it 


Fir..  SS.W.  rATENAKY  IV-STrM. 

Sectiuii  riiJ  iii.ist«  uilh  ciirmit  s'.vitrh  olf  ruH»t  hi 
cculrc.  Kottrrrlaiu.  The  Habile,  Schcvciiiugen  Electric 
Railway,     lo.ooo  vult  A.C. 


is  pulled  up  by  block  and  tackle  and 
placed  on  the  insulator  in  the  centre 
alx)ve  the  track.  It  will  be  understood 
that  this  pulling  up  of  the  catenary 
work  should  be  done  carefully  to 
prevent  distortion  of  the  system. 
\\'hen  it  is  brought  to  its  projXT  place 
it  will  Ix'  atlvisable  to  inspect  the  line 
by  means  of  a  tower  wagon,  but  this 
can  be  done  at  a  time  that  no  train  is 
passing,  in  order  not  to  interfere  with 
the  tralhc. 

Practice  has  proved,  that  through 
the  insulator  D,  on  which  the  whole 
system  rests,  is  made  revolving,  the 
friction  is  considerable,  specially  in 
curves,  where  side-strains  s<^metimes 
prevent   a  normal  revolving   of  the 
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sui)iK»rting  devices.  An  increased 
stress  is  consecjuently  necessary  to 
overcume  the  excessive  friction,  which 
results  in  a  temporary  distortion  of  the 
catenary  work  and  a  raising  of  the 
conducting  wire  until  the  strain  is 
balanced.  A  tlithculty  is  encountered 
at  stations,  where  many  crossings  witli 
short  sections  and  different  spans 
(which  means  different  strains),  make 
a  proper  balancing  by  weights  unsatis- 


factory. Short  sections  are  therefore 
left  uncontrolled. 

There  is  a  system  in  Nor\vay  hy 
which  the  cross  arms  on  the  poles  are 
made  movable.  It  is  very  interesting 
as  an  experiment,  but  will  hardly  find 
further  application.  The  necessary 
force  to  overcome  the  friction  is  at 
times  considerable,  which  means  that 
the  increased  or  decreased  stress  has 


I 
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first  to  reach  a  certain  point  before  the 
system  is  moved. 

It  is  very  diffirult  to  pronounce  a 
certain  system  the  most  suitable,  but 
all  points  considered,  we  tliink  that  the 
S.S.W.  system  (l""is,'s.  iS  anil  H))  offers 
the  most  advantages  at  present,  though 
it  has  the  drawback,  that  track 
blocking  is  neccssar>'  during  con 
stniction.  This  system  would  be 
greatly  improved  if  a  parabolical — 
and  parallel  wire  c-ntirely  made  of  nn 
alloy  of  aluminium  were  provided,  as 
the  temperature  co-efficient  of  this 
metal  is  so  small  that  no  noticeable  in- 
fluence will  oeriir  by  change  of  tem- 
perature. Another  great  merit  of 
aluminium  is  its  lightness,  which  would 
require  very  li^ht  structures  to  carrv 
the  system.  Owing  to  the  great  cost 
of  the  material  and  construction  of  such 
wires,  no  line  has  been  built  yet  in  this 
manner. 

Many  railway  companies  have  elec- 
trified a  small  part  of  their  line  for  trial 
purposes.  A  great  many  of  the  exist- 
ing steam  roads,  however,  are  not  con- 
cerned with  the  question  of  electrifica- 
tion, as  steam  jx)wer  will  in  many 
instances  prove  to  be  a  cheaper  source 
of  power.  But  when  electricity  can 
economically  be  applied  to  main  lines, 
a  great  difticulty  will  be  encountered  in 
establishing  a  through-train  service  if 
no  conformity  in  system  is  obtained. 
This  fact  has  already  proved  a  serious 
drawback  in  America.  The  New  York 
Central  Railway,  for  instance,  has 
adopted  the  third-rail  system  and  direct 
current  of  600  volts.  The  Newhaven 
and  Hartford  Railway  (Figs.  (>  ami  8) 
employs  alternating  current  conducted 
by  overhead  wiring.  As  l>oth  roads  are 
using  the  same  terminal  station  at 
42nd  Street.  New  York,  it  became 
necessary  for  the  New  Haven  Road  to 
have  their  locomotives  built  to  suit 
both  systems. 

A  double  system  always  implies,  of 
course,  a  more  intricate  train-controlling 
sN'stem,  or  may  even  be  in  certain 
circumstances  auitc  impossible.  High 
initial  cost  and  expensive  upkeep  are 


consequently  the  result.  In  Toledo 
(Ohio),  and  many  other  American 
cities,  the  same  difficulty  arises  in  the 
suburban  light  railways  using  different 
current  and  volt. ige,  so  that  through 
-service  becomes  diOirnlt  and  unsatis- 
factory. It  is  to  be  hoped  that  m  the 
future,  both  in  .America  and  Europe, 
some  atfe'inpt  will  be  made  to  adopt  a 
unift)rm  sjsiem  as  far  as  this  is  pos- 
sible, so  that  successful  co-operation  in 
handling  traffic  may  become  practic- 
able. 

The  Washington,  Baltimore  and 
Annapolis  Electric  Railway  lias  had  its 
equipment  for  6.600  volt  alternating 
current  re-constructed  into  a  system 
for  1,200  direct  current  (Fig.  20).  This 
change  was  made  owing  to  the  fact  that 
no  through  service  into  the  centre  of 
Washington  was  possible,  as  all  city 
lines  are  numing  by  direct  current  ;  and 
further,  on  account  of  the  car  weight 
being  over  40  tons,  which  is  the  limit 
of  weii^'ht  for  every  electric  car  going 
through  the  streets.  Another  factor 
that  greatly  influenced  the  decbion  to 
reconstruct  was  the  enormously  high 
running  costs  of  the  old  system.  Since 
1910,  when  the  change  was  made,  a 
more  satisfactory  operation  has  been 
obtained  and  a  saving  of  40  per  cent,  in 
the  railway  company's  power  bill 
effected. 

This  fact  is  really  striking  and  apt 
to  imply  that  only  direct  current  gives 
a  successful  operation.  In  certain 
instances  this  is  true  and  at  the  present 
time  in  a  great  niunber  of  cases,  direct 
current  gives  a  lower  running  cost  than 
alternating  current,  but  we  must  take 
into  consideration  the  fact  that  alter- 
nating current  for  practical  traction 
purposes,  was  only  adopted  at  the 
beginning  of  this  century,  and  a  state 
of  perfect: >in  cannot  be  attained  in 
so  short  a  time.  It  is  the  opinion  of  the 
writ(T  that  when  improvements  are 
made  in  the  application  of  alternating 
current  and  a  cheaper  operation  is 
possible  it  will  be  Ihr  future  current 
for  heavy  railway  service  at  high  speeds 
and  very  long  distances. 
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A  CRITICAL  SURVEY  OF  A  YEAR'S  VORKING. 
By  A  J.  Lawioii*  MJaitCE. 


THE  following  review  deals  chiefly 
with  the  position  of  the  tram- 
ways of  the  I'nited  Kingdom 
as  set  out  in  the  Board  of  Trade 
Return  of  Tramways  and  Light  Kail- 
ways  on  Streets  and  Roads  down  to 
the  31st  day  of  December,  191 1,  in 
respect  of  companies  and  the  31st 
day  of  MmkIi.  kii-'.  in  resp«'ct  of 
Local  Authontifs  ;  but  ^ome  of  tin- 
results  for  the  year  Kjll  and  KjlJ-l,^ 
where  these  are  now  available,  arc 
made  use  of  for  ]mr])osos  of  comparison 
of  progress  or  retrogression. 

Capital  Expenditure. 

By  flic  dat("s  fir-t  ab,(i\(>  nicntion<d 
municipalities  and  companies  had  ex- 
pended, since  the  Bristol  Tramways 
and  Carriage  Company  and  the  Dublin 
United  Tramways  Com])any  had  first 
taken  up  tlie  electrilication  of  tram- 
ways on  a  commercial  scale  in  1895  and 
i8r/)  (Leeds  and  Dover  Muncij  alitir^ 
following  suit  in  1H97)  on  the  purclia>e 
and  conversion  of  the  old  horse  and 
sfeam  tramwa\"s  and  the  rnn>;truction 
and  equipment  of  new  lines,  no  less 
than  /"77,J77.joo.  of  which  {5^^,051.003 
had  l)('<-n  raix-d  by  loans  and  dcbon- 
tures,  and  £18,011,093  by  shares. 

Eleven  millions  of  the  loan  capital 
had  lieen  repaid  or  otherwise  pro- 
vided for;  but,  Sliade  <tf  Hans  Brtit- 
mann  !  ^^  here  is  that  share  capital 
now  ? 

Cost  of  Construction  and  Equip- 
ment. 

The  total  length  of  the  lines  on  which 

thi>^  huge  capital  had  been  exiicnflcd 
was  only  2,637.05  route  nnit  s.  of 
which  1,660.75  were  double  and  07^>. 3 
'-iugle  track-  the  total  etiuivalcnt 
length  of  single  track  line  bting 
4,297.8  miles— and  in  addition,  5.2 


miles  of  road  were  being  worked  by 
trackless-trolley  cars,   those  crosses 

b«»tween  tram-rars  and  motor  omni- 
buses which  letain  none  of  the  be>t 
points  of  either  parent. 

The  capital  cost  per  route  mile, 
including  all  items,  was  thus  j^28,7(>(), 
or  £i8,o(»5  ]^eT  track  mile,  ^•ar^"ing 
between  such  extremes  as  '^207.836 
for  the  otie-ijuartc'-  mile  within  the  City 
of  London  at  Jilackfriars.  the  /87,5()o 
average  of  the  London  County  Council 
line-;  {T)7,i()_>  of  tlif  London  United 
Tramways  Company  (lor  what  are 
practically  inter-urban  tramways),  and 
the  (''•.755  nxitc  luilc  of  (-.(pital 
expenditure  on  the  llalifa.x  Corporation 
lines. 

The  Edinburgh  Cable  tramways 
cost  £6o,40<)  per  route  mile,  while 
the  whole  of  the  lines  worked  bv  the 
Glasgow  Corporation  cost  only  £.]5.ooo 
per  route  mile,  including  the  outlay 
on  an  excellent  power  house. 

l  lif  1^  Ifast  t  crporation  lines  which 
take  their  -u|)j>ly  of  energv  from  the 
Corporation's  Lighting  Station,  and 
therefore  had  not  to  bear  the  expense 
of  a  se|iar.ite  generating  station  for  the 
tramways  only,  cost  3^29.741  per  route 
mile,  while  the  Dubhn  IJnited  Tram- 
ways Company's  lines,  with  a  generating 
station  for  the  supply  of  the  tramways 
only,  cost  £37.402  per  route  mile. 

The  average  cost  per  route  mile  of 
the  27  principal  provincial  tramwav-* 
was  £29,710,  or  (e.xcluding  the  abnormal 
Edinburgh  lines),  ^28,903  per  route 

mile  for  electric  (r.iiiiw  aN^. 

The  average  cost  ot  tiie  lines  in 
Greater  London  (excluding  the  County 
Council  and  f-on<lon  I'nited  Trainwa\^, 
whose  co'^t  was  abnormal),  was  almost 
exactly  £40,000  per  nmte  mile ;  but 
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if  we  take  only  the  outside  tramways 

owned  by  the  South  MetropoHtan 
Company  and  the  ten  Local  Authori- 
ties, other  than  the  County  Council 
(again  omitting  the  exceedingly  high 
co«it  of  the  Metrnpnlitan  Fl<Ttrir  and 
Middlesex  County  C^)uncil  tramways 
at  £61,714  per  route  mile)  the  locally 
owned  tramways  of  greater  Lonclon 
represent  a  capital  expenditure  of 
£26,970  per  route  mile  only. 

The  ca})ital  expenditure  at  the  four 
principal  seaside  holiday  resorts 
averaged  £25,169  per  route  mile,  and 
on  the  seven  interurban  lines  £23.442 
]ior  route  mile,  the  lowe*;t  cost  in  the 
latter  class  being  /'i 8.960  per  route 
mile  on  the  Lanarkshire  (Company's 
\'\no<.  including  the  cost  of  a  generatmg 
.station. 

Car  Miles  Run  and  Passengers 

rARRIFr>. 

On  the  whole  of  the  tramways  the 
numhcr  of  car-miles  run  by  the  12.435 
<'Iectric  atul  the  ytq  tKniilectric 
cars  in  .sttx^k  at  the  end  ()f  the  twelve- 
months was  3-23.354.389.  carrying 
3.127,318.732  passengers,  and  giving 
an  nvemcre  of  9.67  persons  per  car 
mile,  i  he  number  of  route  miles 
worked  electrically  was  2.517.77 ;  by 
cable  25.56  miles  ;  .}6  miles  by  loco- 
motives and  4^.7  miles  by  animal 
traction,  of  which,  strange  to  say, 
loj  miles,  worked  by  horses,  were 
owned  by  the  London  County  Council. 

The  maxima  were : — 


I-ondon  County  Council   

C'.lasgow  Corporation  .. 

Manchester  Coqioration   

Ijveipool  Corporation 

Binnmgh<im  Corporation 
Sheffield  Corporation 

I)e.\sity  of  Trafi  ic  and  Frequf.kcv 
OF  Service. 
Tlie  greater  the  density  of  traffic 
along  a  tramway  route  the  more 
frequent  must  be  the  service,  always 
luiving  regarf!  to  the  necessitv  of  a 
suliictent  load  per  car  mile  to  provide 
from  the  average  passenger  fares  an 
adcfjiiate  amount  to  pay  the  c'v^ts  of 
running  and  to  cover  all  standing 
charges,  including  interest  and  sink- 
ing fund,  or  repayment,  char^  for 
capital  borrowed  on  loans,  or  in  the 


case  of  companies,  to  pay  a  reasonable 

rate  of  interest  and  amj  le  reserves  f(»r 
depreciation,  having  in  view  the 
terminable  tenure  of  the  rights. 

A  sc!  \  ice,  therefore,  which  does  not 
provide  over  rod.  per  car  mile  in 
London  and  9d.  per  ear  mile  in  the 
provinces  is  either  too  frequent  or  the 
traffic  density  i^  iiisuftieient,  or  the 
fares  are  too  low ;  and  a  tramway 
which  will  not  support  a  ten  minutes' 
service  should  never  have  been  cnn- 
structed.  The  following  were  the 
places  with  the  most  frequent  services 
and  the  densest  trafhcs : 

C.ir  .Miles  J'.issenK<*r* 

per  Route  per  Route 
Mile.  Mile. 

London  (County 

("nuncil)  357,800  3.777,000 

Hull    ..       ,.    269,751  2,919,798 

Glasgow       ..    217,880  2.676,608 

West  Mam  ..  2 1 1. 300  2,636,000 

Edinburgh  ..  265,529  2.501.702 

East  Ham  ..  16S.350  2,341,000 

Sheffield  195.345  2,288.938 

Birmingham  ..  185,968  2,175.942 

all  the  others  being  well  under  2  million 

passengers  per  route  mile,  and  in  some 
cases,  as  the  ft)llowing,  m«jst  miserably 
inadequate. 

Car  Miles  Passengers 
per  Route  per  Route 
Mile.  MUe. 
Dart  ford    ..    44.200  271,000 

lu  ith         .  .    66,,Soo  5S4,0()f) 

Route  Miles  Car  miles  Passengers 

worked.  run.  carried. 

141.23  50.457.812  533.440,23<> 

102.97  22.435.076  275.610,385 

99.60  18,076,999  174,424.217 

67.16  12,300.469  128.025,^74 

5^-15  9.'«i7  ,V<"  1 1  <.473.  ^MO 

M).52  7.72o.oo»>  •»o,45S..S(.i 

Barking,  with  a  car  mileage  of 
81,030  per  route  mile,  and  1,124,000 
passengers  on  lach  of  it<  2  84  route 
miles  of  lines,  throws  away  all  the 
advantages  of  13.87  passengers  per 
car  mile  by  charging  such  low  fares  as 
give  an  average  of  '4^5d.  per  pas.senger 
only,  or  about  an  eighth  of  a  penny 
per  jias<;enger  less  th',u  the  actual  cokt 
of  working  the  tramways,  so  that  the 
ratepayers  have  actually  to  pay  4 13d. 
for  each  jierson  carried  in  an  eni^eavour 
to  creaU  a  paying  trafhc  in  a  sparsely 
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po|niIatcd  distrit  t  hy  the  extraordinary 
expedient  ctiarging  une-iiaH  the 
cost  to  the  passenger  and  the  other 
half  to  the  hou-irholder.  On  <'iu-  nf 
the  Midland  tramways,  the  attainment 
of  the  same  object  was  sought  by 
acquirinf,'  the  largest  disused  collitMV 
spoil-bank  in  the  roiuitry  on  which 
to  construct  a  garden  suburb  for  b<uising 
the  chainmakers  of  Cradley  Heath, 
but  tralVic  did  not  result  from  the 
experiment.  As  wtll  try  to  raise 
hay  crops  by  salting  cinder  paths. 

The  London  United  Tramway-  Com- 
pany, with  a  car  mileage  of  170.000 
per  route  mile  and  1,130.000  jiassengers 
per  mile  over  its  55 i  miles  of  route  also 
failed  to  cover  all  charge^  <  \  i  n  out  of 
its  average  fare  of  viqd.  1  <  1  (  ,i--<*nger 
with  6'75I  jiassengers  ).t'r  car  mile, 
while  the  Metropolitan  I{U'ctric  Tram- 
ways, to  save  passengers  from  travel- 
ling by  motor  omnibuses  {of  which 
they  have  now  Ixrome  jiroprietors), 
overdid  the  car  mileage  per  route  mile 
by  raismg  it  from  180,000  in  igii, 

to  2I2/)J55  in  1012.  for  the  sake  of 
1.600,018  additional  passengers,  making 
the  number  1.627.000  per  mile  of  route 
worked,  but  reducing  the  average 
number  {)er  car-mile  from  862  to 
7-97,  and  producing,  at  the  average 
fare  of  i>2o8d.  as  against  i'23d.  in 
iqiT,  exactly  the  same  total  net 
revenue  from  passengers  of  £460,544, 
but  at  the  additional  cost  of  working 
of  £24.348  los.  I  id. 

The  I^ndon  County  Council  car 
mileage  was  also  increased  in  1^12-13 
by  3,485.202  mill  s.  at  an  additional 
cost  of  ;^9o,2o8 ;  but.  instead  of  carrying 
more  passengers,  the  number  fell  below 
those  of  the  previous  year  by  20,787.582. 
and  the  average  fare  dropping  from 
i.03id.  to  i.02od..  there  was  a 
decrease  in  total  revenue  of  ^1x4,399. 
compared  with  the  pre\-ious  vear. 
Additional  charges  for  interest,  sinking 
fund  and  income-tax  amounted  to 
{vS.4in.  against  which  a  small  credit 
of  /'jj2  remains  out  of  rents  of  surplus 
propertv  and  interest  on  deposits, 
after  pavment  of  Parliamentary  ex- 
penses, deficit  on  housing  property 
and  interest  on  purchase  money. 
Taking  all  these  into  account,  the 
result  of  the  year's  working  was  a 


deficit  of  {19,500  instead  of  a  ]>rofit 
(after  payment  of  all  charges)  of  £497, 
as  stated,  as  is  shown  in  the  item, 
"  Total  charge^  lyU2..\qi  less  tax 
deducted  and  retained  from  interest  on 
debt  £i9.tj88."  which  retention  will 
have  to  be  made  g<  «k1  in  the  current 
year.  The  addiHcnal  car-mileage  in 
this  case  was  tlierefore  a  very  costly 
and  useless  ex])eriment. 

Among  the  provincial  tramwa\'^  with 
large  ttUal  traltics,  lialitax.  with 
56.223  car  miles  per  mile  of  route, 
501.522  passengi-rs  per  route  mile 
and  8*917  passengers  per  car  mile, 
made  a  profit  of  .iqd.  )  i  r  pa^^enger 
with  the  highest  average  j  a>-enger 
fare  of  i.264d.  charged  by  any  Cor- 
|)oration  tramway  in  the  United 
Kingdom.  In  this  matter  of  high 
fares  Salforfl  takes  second  ]>lace  among 
the  municipalities  witii  an  average 
fare  of  i.25id.  per  passenger. 

I^KVFNTF. 

The  revenue  from  jta>sengcrs  of  all 
tramwa\"s   for  the   twelve  months 

amounted  to  i.of>i .220,  and  the 
further  n  et  ii its  from  advertising.  &c-, 
were  /J()()4.84S,  making  the  total  income 
from  all  sources  /i4.726,of)8,  from 
which  sum  had  to  be  deducted  the 
working  costs  of  £8.924.420.  or  60.6 
per  cent,  of  the  gross  receipts,  leaving 
a  balance  of  net  revenue  of  {5.801,648, 
or  7^  per  cent,  on  the  caj)ital  expended. 

The  largest  revenue  producing  under- 
takings were: — 

London    County  Council 

Tramways         ..       ..  £2.^(>(y,i2S 

Glasgow   1.040.847 

Manchester           ..       ..  856. 7S9 

Liverpool    . .       . .       . .  6x4,079 

The  Metropolitan  Electric 

Company           . .        . .  470,167 

I^irmingham         . ,        . .  440.T00 

I-eeds         ..       ..       ..  393.812 

London   United  Electric 

Tramwa>'s  Company  343.0'*^7 

Shelheld   34i.4ii* 

Dublin  United  Tramways 

Company  , .  321,307 
I'd  in  burgh  Tramways  Com- 

I>any      ..       .'.       ..  292.477 

The  Bristol  Tramways  and  Carriage 
Company  show  total  receipts  of 
£335738.  but,  as  about  £100,000  of 
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that  amount  is  from  other  sources 
than  the  tramways,  in  order  of  tram- 

icays  the\-  comr  i'vcn  after  Salford, 
which  is  tlie  last  of  the  municipal 
tramway  undertakinjjs  JiaviiiK  receipts 
of  a    quartcr-of-a-million  |)cr 

annum  with  a  total  of  (25^.100. 
Revenue  per  Route  .Milk. 
It  may  seon  surprising  that  with 
such  huge  n'vonii*'^  tlicre  should  bo 
only  five  tramway  undertakings  in 
the  United  Kin|°rdom  with  a  total 
revenue  o{  o\  or  f  10.000  pt-r  route  mile, 
but  such  is  the  case.    1  hese  are  : — 

Per  route 
mile. 

London   County  Council 

Tramways  ..  ..  £16.754 
Edinburgh  Tramways  ..  11.604 
Hull  Cor|H)ration  Tramu  ays  io.7jo 
Liverpool  Corporation  Tram- 

„way^   10,111 

Glasgow  G)rpr)ration  Tram- 
ways   I0,T08 

The  poorest  results  were  obtained 
by : — 


Sheemess  Tramways  Co. 

Wrexham        „  „ 

Peterborough  ,, 
Taunton 

Dart  ford    Urban  District 
Council    . . 

South   Lancashire  Tram- 
ways rompaiu-  .  . 

Barking    Urban  J)istrict 
Council  

Yorkshire  Woollen  District 
Cori)oration 

Erith  Urban  District  Council 

Halifax  Cori>oration 

Hastings  Tramways  Co.  .. 

i3exley     Urban  District 
Council  


Per  route 
mile. 

£1.114 
1.258 

1.316 
1.463 

1. 601 
1.861 

2,408 

2.470 
2.839 
2.724 
2.973 

3.001 


Appropkiations. 
Under  this  heading  the  amounts  dealt 
with  should  be  tlie  ncf  earnings  (or 
losses)  on  the  working  of  tlie  tramwa\s 
for  the  year,  but  although  this  is  the 
case  in  over  ninety  per  cent,  of  the 
undertakings,  it  is  not  so  with  some  of 
the  Corporation  accounts  in  which  are 


included  amounts  unappropriated  in 
former  years  (which  are  treated  as 
amounts  brought  in  as  in  Companies' 

accounts),  and  in  two  most  consjiicuous 
cases  profits  wliich  iiavc  nothing  to  do 
with  tramway  \Norking  have  been 
brought  in  to  swell  the  gross  and  net 
revenues,  viz. : — the  Bristol  Tramways 
and  Carriage  Com])an\'  where  about 
/loo.ooo  is  thus  dialt  with,  and  the 
Birmingham  and  Midlands  Tramways' 
Company  which  brings  into  its  accounts 

Erofits  from  financial  operations  which 
ad  nothing  to  do  with  tramway 
earnings,  but  was  thus  able  to  jiay  a 
large  div  idend  from  extraneous  sources 
and  make  other  a]>|)roi)riations  out  of 
the  £44.000  thus  dealt  with.  The  object 
of  the  return,  which  was  to  secure 
accurate  information  as  to  tlie  cost  of 
installation  of  tramways,  and  of  their 
working  is  thus  vitiated.  The  amount 
dealt  with  is  also  complicated  with 
allocation  of  the  amounts  taken  from 
the  rates  to  make  up  the  deficiencies  of 
badly  managed  concerns  which  cannot 
make  lioth  ends  meet  out  of  their 
traffics,  i  here  were  alst)  several  small 
tramways  throughout  England  in 
which  not  only  were  there  no  payments 
made  on  account  of  interest  or  sinking 
fund  charges,  but  in  which  even  the 
loss<  ^  on  artual  wf)rking  wt-re  not 
])rovided  for,  the  evil  day  being  deferred 
to  a  future  occasion. 

A]>|iii)(>riations  amounting  to  £94,334 
other  than  the  total  net  revenue  given 
in  the  return  are  made  uj)  to  this  by 
£32.202  brought  forward  and  ^^62,132 
aid  from  rates. 

The  allocations  were  ; — 

Interest  f)r  dividends         . .  2,079,836 

Repayment  of  debt  or  sink- 
ing fund  . .  1,283,304 

Rent  of  leased  lint  s.  cV.     .  .  451,087 

Reserve  for  depreciation  and 
renewals  1,266,681 

•Relief  of  rates       . .       . .  541,577 

Aid  from  rates  62,132 

Income     tax     and  other 

matters     ..       ..  326,975 

♦Including  |>a\Tnents    to   "  Common 
Good"  by  Dundet?  and  (ilasgow. 
The  repavTnents  of  loans  and  contri- 

Imtions  to  sinking  funds  to  the  cmT  of 

the  financial  year  1911-12  appear  to 
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have  been  in  ruund  figures,  £ii,ouo,ooo, 
and  the  total  appropriations  to^reserve 
for  depreciation  and  renewab, 
£4.641.000. 

Aid  From  Rates. 
This  form  of  lej^alised  btll|^aiy,tiocord- 
ing  to  the  otlkial  return,  wa>^  rt^ortid 
to  in  28  cases.  The  first  two  columns 
in  the  following  table  make  up  the 
total  sum  required  to  jviy  working 
costs,  mterest  on  borrowed  capital, 
sinking  fund  chai^  thereon  and  the 
meagre  pittances  s(  t  aside  in  some  cases 
for  depreciation  and  renewals. 

Ai<1 

Cro^*        in  1111  Avrrai:'' 
KevoiuiP    Katet.  1-arc. 

16,166  J50  .831 

«o.73i  J.f">J  l.34'> 

11,874  l.ol.S  .7SI 

13  J70  i,i)Sq  1.051 

469  318  .300 

i7,ooj  3.316  .91* 

7,919  400  I.4SI 

II«549  t,tl»  I 

6,Mq  3,613  i.V'*^ 

2i,q3<)  4.S0.'  .<(<<'• 

S.t>\H  2.1X0  .<)I4 

i.Hoi  2,379  1.069 

34.693  3,000  .«70 

tt.973  1.J40  I -OS* 

0.707         l.f'OII  i.oftj 

<).vn  i.i<8 

i:3,i7J       6,Jol  .505 


Barking 

BurlononTrcnl 
Colch«'>tcr 
Darlinxioii 
Erith 

GUmorgan 
GlourMMr         . , 

Hcywood 
llkotoii 

Ij>«.«  irh  . . 

Kiltiiarnock 
Lancaater 
LeitJi 
LowMtoft 

Prrth 

Pmil  vpriilil 

Kau  triiNl.411  and  Uarup..  25.243  I.SOO  I.337 
StJlybriilRe,  Hydr,  Mm*- 

l*yaiidDukinA«id     ..  30.363  6.47a  .S68 

Swindon  8,664  1.048  .867 

Wigaii                           .,  67.570  x:,MHy  1.306 

It  is  obvious  also  that  wIh  ic  traffics 
arc  light  revenue  mast  be  small  what- 
ever the  fare,  as  at  Colchester  with 
1,828,878  passengers  ;  HashnL'dcn, 
1.252.757;  Ilkeston.  1,732.84(1;  Lan- 
caster. 1,473.087  :  Pterth.  1.831,147  : 
and  Maidstone,  2,o9r),458  passengers. 
In  all  of  these  places  an  average  fare  of 
I  Id.  per  passenger  would  have  saved 
aopealing  to  the  rates  for  help,  while 
places  with  traffics  of  from  2  to  2I 
millions  apparently  require  a  ijd. 
average  fare  to  cover  all  costs  and 
capital  charges. 

Relief  of  Rates. 

On  the  other  hand,  not  less  than 
£541  ••577  \vere  handed  over  by  42  nmni- 
cipalities  and  other  local  authorities 
from  the  profits  of  working  their 
tramways  for  the  relief  of  rates,  or.  as  it 
is  euphemistically  called  in  Dundee 
and  Cilasgow,  "  For  the  DMnmon 
(iood."    Thus  the  passengers'  pill  is 

gilded  ! 

The  most  successfnl  operators  in  this 


Birmiagham 

•Belfaot 

I<i>l|OU 

Bradlurd 

•Hull 

•Lfrds 

Liverpijol 

Maiirhr..trr 

•NVvvta»llf -on-Tync 

Nottingham 

SaUord 

•Shefidd 


..  |8.; 


Rate*. 

C 

46,046 

3^.833 
10,500 
32,000 
S*vo6» 
ta.000 
6l,»*3 
6.144 


>  3.441 
18,000 
16.000 
36.889 


highwayman's  pohcy  of  robbing  the 
passenger  were : — 

Anonnt 

■pjplied  in  Avoag* 
Kdief  of  Vm  ptr 

1.053 

1.074 
1.169 
.•60 
.•79 

I.o<>3 
1 . 1  J 
1 . 16] 
1 .043 
I.O«7 
1.331 
.896 

and  the  other  29  road  agents  whose 
"  apjiropriations "  in  bulk  were  not 

so  large  were  : — 

A^hlon-undrr-Lvnr        ..      I.330  1.077 
Ayr         ..     ■  ..       ..     1,349  .968 

Blackpool  ..  3,000  t.493 

Hiirnlejr  ..  7.3«>o  l.i»5 

Biirv  ..        ..        ..      4.4U  l.o86 

•Cardiff  4.'i5<>  I.094 

lr'<vili>ti  «,ooo  1.065 

Dunilcr  l,uuo  .861 

Krdington  ..  3.813  .913 

Halifax  4.807  1.264 

•Huddrr«fiHd  ..  ..  6,4Hi  i.ino 
King-.  Norton  ..  .,  t.ii.-j  .<>I5 
•I.rucNter  ..         ..       H.tioo  .Utt 

l.rvliiii       ..  l.54.t  •674 

Morrr.imlx'  ..        ..      I,ooo  I.18X 

Nrlfton   999  1.185 

•Northampton  ..  ..  3.000  .086 
rivnioiHh  ..        ..      J.oi?  l.oJT 

•Portsmouth  ..  ..  4,i>i>o  l.ot>J 
•KrailiiiR    ..  i.K^ti  ."J5l 

Rotlirrhani  7.^"  1.«mj7 

Southampton  ..  ..  5.o<>o  1.256 
South«nu  t,ooo  i.oor 

Slorkporl  ..  o.ooo  1-341 

Siindrrlaiid  ..         ..       5,ooo  .q7> 

W.lll.l^.V  ..  ..         6,1KM»  l.iot 

WarritiRton          ..        ..       i.5"0  .H07 

Wolvrrlianiploii             ..      3.777  i,<xii 

York                                           850  l."77 

*  nacn  nuurkfd  thu*  liavr  tlirir  own  grnmtiBg 
stnliom  or  Power  Hoimm. 

In  this  connection  the  reductio  ad 

ahsurdinn  has  been  achieved  by  Bir- 
mingham, which,  out  of  the  large 
revenue  of  £574,248  for  1912-13  from 
high  passenger  fares  made  a  net  profit, 
after  payment  of  all  cajiital  charges 
and  working  costs,  and  placing  to 
reserve  £45.000,  of  4  56,000,  all  of  which 
has  been  iianfh  tl  o\«t  for  the  relief  of 
the  rates,  because  the  Cias  Department, 
owing  to  the  competition  of  the  Electri- 
cal Department  (which  liad  received  a 
high  price  for  the  power  supplied  to  the 
Tramways  Department)  was  unable  to 
make  its  usual  contribution  for  the 
relief  of  the  rates  of  such  householders 
as  use  electricity  only  in  their  houses 
or  places  of  bminess.  This  is  indeed  a 
case  of  the  snake  making  itself  into  a 
hoop  by  swallowing  its  tail  ! 
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ExcEssivii  Cost  of  Power. 
Bot   these   contributions    to  the 

"  common  good  "  arc  not  the  only  uius 
for  which  the  wherewithal  is  provided 
from  the  passenger  fares,  for  in  the 
unstarrcd  towns  the  supply  of  energy 
for  the  tramways  is  taken  from  the 
generating  stations  originally  con- 
structed for  the  purpose  of  supplying 
current  for  electric  lighting  and  motive 
powe"  for  manufacturing,  and  the 
excess  charge  to  the  tramways,  after 
making  due  provision  for  interest  and 
sinking  fund  charges  on  the  capital 
cost  of  the  plant  set  apart  for  tramway 
use,  goes  in  reduction  of  the  price  of 
current  for  lighting  and  i>upp|jr  of 
power  to  other  consumers.  This  is 
notably  the  case  in  the  places  given  in 
table  No.  i. 


The  total  possible  yearly  saving  in 
cost  of  energy  for  the  tramways  of 

these  15  places  alone  is  thus  (ju.s^o, 
and  that  the  h^rc  set  opposite  each, 
giving  the  |H)ssible  cost  Of  production 
in  a  ix)Wer  house  devoted  exclusively 
to  the  supply  of  the  tramways  is  within 
safe  limits,  is  proved  by  the  results  of 
the  Smethwick  power  house,  designed 
by  the  writer  for  lighting,  power  and 
traction  jiurposes.  where  the  inclusive 
costs  are  well  below  the  possible  figure 
set  opposite  Birmingham,  and  l)y  the 
figures  of  the  tramways  undertakings 
owning  their  own  power  houses,  as 
set  forth  in  table  No.  2,  giving  the 
actual  units  supplied  to  the  tramways 
and  the  actual  cost.  Of  course  it  must 
be  luiderstood  that  an  allowanre  has  to 
be  made  for  interest  and  sinking  fund 


Table  I. 


BirminRham 
bolton 
Btadford 
Bfinilev 

Hurv  '. . 

Crovdon 

Halifax 

Liverpool 

Manchester 

Nottingham 

Oldham 

SaUocd 

Sunderland 

Southampton 

Wallasey 


I'nits  used 

Price 

Practi- 

Excess 

Possible] 

per 

rahli- 

annual 

Traiiiwavs. 

Unit. 

Cust. 

p.  I  nit. 

saving. 

d. 

d. 

d. 

I 

•93  J 

.400 

•  333 

43.218 

t.IOO 

.600 

.510 

9.497 

1 .000 

.500 

.500 

2I,95» 

2,855.006 

I  .2?0 

.700 

.539 

6,412 

2,of<5,6^6 

.9  v» 

.720 

•215 

1,868 

2,2S'7.5fjr> 

I  .  670 

.  <>oo 

.770 

7-.VU> 

.<»oo 

8,984 

2  l.Sf.-.i  JO 

2i»,8t>o,427 

1.047 

.410 

•<\<7 

fM.i4« 

1 .023 

.400 

.<»2.l 

77.7»5 

1.250 

.500 

.750 

9.J86 

>.407 

.597 

.900 

»3.«30 

1-2.19 

•439 

.800 

30.459 

l,74'J.224 

1.476 

.660 

.826 

6,020 

I  .  «>l»0 

•75" 

•775 
.«95 

0,052 

1.929. 1  32 

1.615 

.720 

7<»y4 

Table  II 


Belfast 

9.023.584 

units 

.537d.  per 

unit. 

j^20.t90  tOtllt 

Ciirditt  

<5')45 

.4l'j<l  „ 

6.S28  .. 

I)ul)lin  

12.175.94'> 

.37M<i  ., 

.« 

19.252 

C.lasgow         .  .        , .        . , 

.V<.>*<i^.i9i 

..<i><l  .. 

.» 

I.).S<><>  „ 

HuddcrsficUl  .. 

j.120.215 

■  ■ 

.. 

9,096  „ 

*• 

.. 

It,49t  M 

Lcccis  ««       •*  •« 

«7.»3S.37* 

»• 

•347d-  .. 

24.914 

»» 

.335d.  .. 

.. 

X2.918  „ 

Newcaatle-on»Tyne  .. 

10,703.148 

.228d.  .. 

.. 

ro.176  .. 

Northampton 

1,032.199 

.813d.  .. 

•i 

3.496 

Portsmouth    . . 

2,583.580 

.402d.  .. 

4.4S2  .. 

Reading 

955.400 

.8l5d.  „ 

*. 

3.246  .. 

■  » 

.288d.  ,. 

99 

18.697 

Table  III. 

BirniinKliam  ..        ..        ..        ..  i75.f»4f>  for  19.460,2 iw  B.o. T.  I'nits  o.tj  t^d. 

Bradford  ..        ,.        .,        ..  43.898  ,.  n>.5v»,5<'>  i.oood. 

Liverpool  ..        ..        ..        ..        ..  104,135  ..  23. Sf, 7. 230  „  i.o47d. 

Manchester  ..    127,388  „  2t),^<)n.^z-j  „  1.023d. 

Nottingham   31.454           6.039.203  „  i.25od. 

Satibrd                               ..      ..  47.166  „     99^37.678  „  i.^tygd. 
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charges  for  tin-  plant  used  for  the 
tramway  suj)}ily. 

Stockport  is  able  to  ))in >  h.'.-r  tltc 
ulectricai  energy  fur  tlie  tramways 
it  operates  of  1.704,943  units  at  .673d. 
per  unit,  paying  only  £4,781  for  the 
year's  supply. 

Tlie  Belfast  station  is  owned  in 
partnership  with  the  Lighting  Depart- 
ment, and  the  results  in  economy  of 
cost  of  production  are  very  good,  con- 
sidering the  price  of  fuel  and  other 
circumstances,  though  Dublin  easily 
surpasses  it  in  cheapness  of  production. 
The  Potteries  Tramways  Co.  produce 
415'  .7S3  units  for  £6,692,  or  .393d.  per 
unit. 

Compare  with  the  above  the  sums 
paid  by  towns  in  table  No.  3. 

Average  Total  Working  Costs. 

The  averapo  total  workini?  costs 
came  to  ().()2  ]d.  jH-r  car  mile  ;  interest 
paid  to  i.544d.  per  car  mile  : 
repayment  of  loans  to  .t)5.vl-  P<'r 
car  mile  ;  rent  of  leasi  d  lines,  .334d.  per 
car  mile ;  making  the  total  cost,  in- 
cludin,!:,'  interest  and  sinking  fund 
charges  (the  rent  of  leased  lines  being 
divisible  into  the  first  two).  ().454d.  per 
car  mile  on  the  avera/,'e  throughout  the 
United  Kingdom,  or,  adding  the  equiva- 
lent of  the  amount  set  apart  for  de- 
preciation and  renewals,  .c)4od.  per 
square  mile,  v.wh  car  ouglit  to  produce 
for  every  mile  run,  io.3y4d. 

Inclusive  Car  Mile  Expenses. 

The  car  mileage  costs  on  this  basis 

will,  of  course,  vary  with  cheapness  of 
construction  or  running,  and  other 
causes,  and  in  27  principKsd  Provincial 
undertakings  would  be  covered  by  an 
average  income  of  g.jad.  per  car  mile, 
and  on  the  seven  large  inter-urban  lines 
by  an  average  of  <).5jd.  per  car  mile  ; 
but  London,  with  u  h<avier  capital 
expemliture  and  a  slightly  higher 
figure  of  working  costs,  requires  an 
income  of  io.644d.  per  car  mile  to  cover 
all  charges.  Barking  required  i2|d. 
per  car  mile,  while  its  income  from  all 
sources  is  only  "Id.,  the  ratepaxcrs,  as 
already  stated,  supplying  the  balance, 
and  even  Bexley,  witfi  its  high  average 
fare  of  i.558d.  per  passenger,  only 
produces  12.633d.  per  car  mile,  while 
requiring  13.27^.  to  cover  all  charges, 


the  balance  being  made  up  from  adver- 
tising, etc.  Ilford,  too,  with  an  average 

nf  .S}jd.  per  pas-^enger,  falls  short  of 
covcnng  aJl  charges  by  nearly  id.  per 
car  mile  from  fares ;  and  the  London 
United  Tramways  (despite  lower  work- 
ing costs  of  5.674d — the  lowest  in  the 
London  area,  and  only  excelled  in 
economic  working  in  six  other  places 
in  the  provinces)  owing  to  the  poor 
iraltic  of  0.751  passengers  per  car  mile 
at  an  average  fare  of  i.290<l.  yielding 
only  .S.7o7d.  in  rt  <-i  ipts  -fails  to  make 
good  the  io.8o2d.  per  car  mile  which 
would  be  necessary  to  cover  5  per  cent, 
on  its  exci  >---i\  t' t  ajiital.  or  nearly  four 
millions  sterling,  and  working  c(>sts 
and  depreciation. 

Fast  Ham.  Leyton,  Walthamstow, 
and  \\'<st  Ham  made  good  out  of 
passenger  fares  all  costs  and  capital 
charges,  though  tlif  inar;.;in  on  their 
low  fares  were  •ijeiider,  as  iii<l  also  the 
South  Metropolitan  and  Metropolitan 
ICKm  trii  Tramways  Companies  on  their 
much  hi/^her  average  fare-;  of  i.44od. 
and  i.23(k1.  jx'r  passenger,  the  margin 
of  profit  on  the  latter  fare  disappearing, 
however,  in  the  resnlts  of  the  followiiii: 
year  (1912)  and  becoming,  instead  of  a 
positive,  a  negative  quantity. 

In  the  working  of  the  Provincial 
stations  dealing  with  heavy  trafhc, 
Oldham  is  the  only  place  where  the 
passenger  fares  fail  to  co\ ,  i  all  charges 
and  to  provide  a  reserve  for  depreciation 
and  rt  newals,  for  wliich  no  less  than 
13d.  per  car  mile  would  be  necessary. 
Rut  then  no  place  but  Oldham  pays 
almost  2jd.  per  car  mile  for  power,  in 
which  it  is  only  approached  by  Burnley's 
more  than  2\i\.  for  electrical  energ>'. 
these  towns  having  working  costs  of 
.s.7()7d.  and  7.N<)()d.  per  car  mile 
respectively,  as  a,L;ainst  the  average  of 
the  27  large  provincial  undertakings 
(themselves  included)  of  ().5i4d.  per 
car  mile. 

The  otlit-r  places  discreilited  with 
excessive  workings  costs  are  : — 


Liverpof»l 

Bradford 

Halifax 

Xottinf4ham 

Dundee 

Manchester 


7.7i8d.  per  car  mile. 

7.()i7d.  „ 
7.i7«d.  ,. 
7.i(K)d.  „ 
7.o77<l.  ,. 


Digitized  by  Google 


UNITED  KINGDOM  TRAMWAYS 


i6i 


The  places  in  which  thu  lowc>t 
working  costs  were  attained  were : — 


LuiiurksUtre   • . 
Bury 

Edinburgh  (Cable) 

Gateshead 

Dubhn 

Belfast 

Hastings        , , 
Leicester 
Portsmouth 
Aberdeen 


Working  Costs 
RfCL'ipis  per 
Car  Mile. 

5.2i8d. 
. .  5.25tkl. 
. .  5.277d. 
..  5.4i6d. 
. .  5-435d. 
. .  5-473d. 
. .  5.49od. 

5.598d. 
. .  5.04yd. 
. .  5.9S3d. 


These  undci  takings  with  tlie  lowest 
costs,  with  the  exception  of  Bury  and 
Belfast,  arc  all  owntd  by  companies. 

With  the  exception  of  thcs>c  high  ajiU 
low  costs  tramways  all  the  otI:crs  vary 
fromOd.  toO  Od.  only  per  car  mile  in  tlie 
working  expenses. 

It  is.  therefore,  quite  evident  that 
working  costs  not  t  xcnding  (n\.  \xt 
car  mile  arc  attainable  on  any  fairly 
large  system,  except  possibly  with 
such  heavy  cars  .ls  are  in  use  on  the 
London  County  Council  tramways, 
where  the  costs  could  quite  possibly  be 
reduced  from  their  present  figure  of 
6|d.  to  6^d.  per  car  mile. 

Waste  of  Power. 

What  would  have  been  said  in  tlie 
days  of  horse  traction  on  tramways  if. 
after  pun  liasc  of  the  best  j>rocurabU' 
hay  at  the  Jowi^t  market  price,  that 
hay  had  been  UM-d  both  for  feeding 
the  horses  and  fur  htlerini;  their  stalls 
Yet  practically  the  same  kind  of  waste 
is  being  practised  on  electric  tramways 
where  electrical  energy  is  being  pain--- 
takingly  produced  in  separate  power 
houses  at  the  lowest  possible  cost,  and 
is  being  squandered  in  reckless  use 
on  the  cars,  or  in  the  car  sheds. 

In  some  cases  the  consumption  of 
pow  er  is  increased  by  the  employment 
of  heavy  eight-wheeled  cars  on  hilly 
routes  on  which  only  four-wheeled 
cars  ought  to  be  run  ;  by  frequent  stops 
and  starts  of  cars  with  any  kind  of 
truck  owing  to  interruption  from 
other  traffic  on  the  roads ;  the  use  of 
trucks  of  too  lung  a  wheel  base  on 
lines  with  sharp  curves,  on  which  the 


u^  of  so-called  "  radial  trucks  "  too 
often  produces  rail  planing  instead  of 

easy  motion  round  the  curves  ;  and  also 
a  habit  which  many  tramcar  drivers 
have  of  keeping  the  brakes  against  the 
wheels  on  clear  runs  with  the  sole  idea 
of  being  able  to  apply  the  full  braking 
eflect  with  the  least  possible  per  onal 
effort.  Anybody  who  knows  about 
motor  driving  can  observe  this  last- 
mentioned  cause  any  day  on  some  of 
the  London  County  Council  cars,  on 
which  the  average  consumption  is 
2.4^4  unilb  per  car  mile,  comparing, 
however,  favourably  with  an  average 
consumption  of  2.531  units  per  car 
mile  for  the  much  lighter  four-wheeled 
cars  of  the  Leicester  tramways  on  more 
easily  worked  lines  on  which  the  maxi- 
mum gradient  is  the  same  as  on  the 
London  lines,  with  the  advantage  of 
speed  in  favour  of  the  London  cars. 

The  heavy,  double-decked,  Ix'gie 
cars  of  the  Metroj>olitau  Electric 
Tramways  Company  only  take  1.556 
iniits  per  car  mile  on  roads  w  ith  similar 

Sadients,  while  the  London  United 
lectric  Company's  cars  take  1.788 
units.  1  he  Croydon  Corporation  four- 
wlu-ekd  cars  o!  smaller  carrying  capa- 
city lake  only  .9O j  unit,  which  is  a  very 
creditable  performance,  and  a  record 
n  economical  driving  which  is  not 
approached  by  any  other  of  the  laige 
undertakings,  though  on  the  small  Unes 
at  Peterborough  and  Southport  flu- 
companies'  cars  are  run  on  their 
practically  level  tracks  at  an  expend!- 
ture  ot  ciu  rgy  of  'Uy  of  a  ,nnit  j)er 
car  mile,  and  at  Gloucester  .61 
unit  per  car  mile  is  found  sufficient. 

The  seven  undertakings  outside  Lon- 
don, which  are  the  most  wasteful  in  the 
use  of  ^Miwer.  are  all  owned  by  Cor- 
porations, two  of  which  (Burnley  and 
Bimmigham)  purchase  current  from 
their  Lighting  Departments,  while  the 
other  five  own  their  own  power  houses. 
The  following  is  the  list: — 


1,1  II  <  sti  r 
N't-wid-tlr  oil- 
llmlilrrHliil-' 
Shfltit'lil 
llnriiloy . . 

11iriiiinKi''>iii 


Unite  per 
Or  MiV 

-'531 
-.1.1" 
2.!Sa 
2.loh 
i.ottt 
J.J04 
;.oo7 


Co>t  Df  r 
L'liit. 
•I. 

■  ^^s 

.ilf> 
.2*H 

•  U7 


Co-.t  |)IT 

Car  MiU. 
.1. 
.X4H 
.5J-' 
.'»7i 

.7"'> 

1.S7: 


On  many  of  the  tramways  of  the 
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United  Kin^jdom  a  considerable  saving 
in  the  use  of  power  has  bt-t-n  prochiccd 
by  the  installation  of  meters  on  the 
cars,  and  it  would  be  interesting,'  to 
know  to  what  extent  such  appliances 
arc  in  use  on  the  above-named  and  other 
lines. 


country  is  shown  in  tlie  annexed 
diaj^ram,  the  shaded  jxjrtion  of  the 
Hues  representing  the  car  mileage 
pfT  car  owned  in  the  places  named  on 
the  left  hand,  and  the  shaded  and  un- 
shaded lines  combined  the  car  mileage 
of  cars  owned  by  the  place?  named  on 


34  S'' 


Wf>li>n- 
>-Marr 

Kutboay 
Dover 

tIK>U(h 

Dartfurd 

ton 
Brxiry 

BirmiriR- 
haiii  and 
MiilUna 

S.  Motro- 
CardiO 

Krith 

Yf»rk*hire 
W.D.  Co. 

Dundee 

Birininf;- 
baiii 

OldhaiD 

Sundor- 
land 

Liverpool 

Ports- 
mouth 

Brighton 
Abcrdccu 


burgh  Cd 


DIACr.AM   Si:OttlN&   lilMAVrr   IX    IIIDIsaM.s   ut    Mills   ULN    rtK  CAU   IX   SIOCK   IS  I'JII. 


Keep  The  Wheels  Tikninh; 
is  one  of  the  injunctions  of  res|ionsible 
managers  of  tramways  in  the  I'nilcd 
States,  and  one  which  is  very  generally 
followed  in  all  successful  undertakings. 
Huw  far  the  rule      followed  in  this 


the  right  hand,  the  unshaded  portion 
thus  representing  the  difference  lx.'tween 
the  practice  of  the  opposite  imder- 
takings.  The  diagram  siK-aks  for  itself : 
there  is  no  need  to  point  out  its 
significance. 
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THE  LARGEST  WATERWORK  OF  THE  WORU> 

THE  SUPPLY  UNDERTAKING  IN  SOUTH  ITALY 
By  Gcanue  FaMoriaii  Chr.Eac«  A.M.V.D.L 


THE  followiiif^  article  is  (k-scriptivo 
of  an  undertaking,  now  ap- 
proaching its  completion,  which 
may  well  bo  n  u.irded  as  a  tiiumpli  of 
niotUTn  h\elr;uilic  fngint'cring,  for  the 
audacity  of  its  conception  and  the 
ma|[nitude  of  its  proportions. 

Up  till  the  present  the  Pouille,  a 
district  of  Italy,  comprising  one 
twentieth  part  of  the  whole  of  the 
country  and  having  a  p<ipulation 
ntimbchng  2,000.000,  was  dependent 
on  rain  water  for  its  supply,  as  the 
springs  in  that  district  are  very  scarce, 
and  an  old  aqueduct  built  by  the 
Romans  could  supply  the  wants  of  a 
only  very  limited  number  of  people. 
The  tanks,  in  which  the  rain  water 
was  collected,  were  in  summer  very 
often  empty,  as  Pouille  is  one  uf  the 
hottest  regions  of  Italy,  and  the 
Government  was  compelled  to  supply 
drinking  water  by  means  of  tank  snips 
to  town^  on  tlic  coast,  and  by  tank 
wagons  to  the  interior.  This  shortage 
of  the  essential  element  at  periods  of 
the  year,  wlu  n  disease  was  more  easily 
disseminated,  very  often  rendered  it 
impossible  to  successfully  combat 
epidemics,  and  much  suffering  was 
entailed  to  tlie  inhabitants  of  the 
district.  All  this  will  in  a  short  time 
be  a  thing  of  the  past.  Water  will 
now  he  delivered  in  ample  quantity 
for  domestic  purposes  and  there  will 
also  be  abundance  of  water  for  power 
and  irrigation  purposes,  which  will 
add  to  the  success  of  the  scheme,  for 
this  district  is  among  the  most  fertile, 
and  its  agriculture  is  one  of  the  sources 
of  wealth  of  Italy. 

The  idea  of  supplying  the  district 
with  water  has  existed  for  centuries. 


but  it  has  never  malerialiseil,  on 
account  of  the  difficulty  <)f  obtaining 
water  in  sulhcient  quantity  without 
carrying  out  enormous  work,  which 
could  not  be  done  until  the  progress 
of  engineering  had  made  it  possible  to 
construct  the  extensive  boringsthrough 
the  Appeiuiines.  in  order  to  reach 
tht:  s<jurccs  of  supply.  The  first 
practical  scheme  was  outlined  45 
years  ago,  in  i<%S,  when  a  proposition 
was  made  to  the  provincial  deputies 
Council  of  Bari.  For  the  space  of 
50  years  various  surveys  were  maile 
by  the  most  eminent  authorities  in 
Italy,  and  a  preliminary  scheme  was 
laid  down  by  the  (iovernment  in  1899. 
.\ccording  to  this  silieme,  the  work 
involved  the  construction  of  a  main 
canal  from  Caposclc  (420  m.  above 
sea  level)  to  \'illa  Castelli,  over  a 
length  of  236.5  km.,  of  which  53.13  km. 
would  have  to  be  tunnelled  through 
the  Appennines.  170  2  km.  of  cuts, 
and  3.65  km.  of  syphons.  From  this 
main  canal  2,500  Ian.  of  branch  canals 
and  piping  would  have  to  be  pro- 
vided, to  bring  the  water  to  260  towns 
in  the  three  provinces  of  Pouille 
(Foggia,  Bari  and  Lecce). 

liistributed  over  the  whole  length 
are  about  150  reservoirs  with  a  total 
capacity  of  286,000  cu.  m.  and  a 
suhicient  number  of  central  jwiwer 
stations,  the  energy  from  which  was 
to  be  used  partly  for  conveying  the 
water  to  those  centres  situated  at  a 
higher  level  than  the  canal,  and  partly 
for  industrial  puriH>scs. 

In  October,  if»o-',  lenders  were 
invited  for  the  whole  enterprise,  and 
in  I9(J5  an  Italian  company  was 
formed  for  the  purpose  of  undertaking 
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the  work  and  controlling  it  for  <)o 
years.  The  two  yi'ars  followinj^  thi- 
award  were  devoted  by  the  conces- 
sionaries to  developing  the  scheme, 
and  showed  the  necessity  of  departing,' 
from  the  original  plan,  in  order  to 
reap  some  further  advantajies  and 
overcome  more  unexpecteil  dilhculties. 
By  regular  miasurements  it  was  ascer- 
tained that  the  mean  outjjut  of  the 


springs  was  5.500  cu.  m.  per  second  ; 
this  allowing  an  average  supply  per 
inhabitant  per  diem  of  100  litres,  and 
leaving  two-thirds  of  the  whole  for 
irrigation  and  power  purposes. 

I  he  copious  stream  of  water,  neces- 
sary for  the  two  million  inhabitants, 
was  to  Ik'  taken  from  the  sitle  of  the 
Apjvnnines,  t)pposite  to  the  one  in 
which  the  Pouille  is  situatetl,  in  a  ilis- 
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trict  remarkable  for  the  numbtr  of 
watiT  sjmngs  and  whrnce  another 
j^reat  Itahan  waterworks,  the  Scrino 
of  Naples,  took  its  supply  some  25 
years  ago.  This  district,  approxi- 
mately situated  in  the  triangle  Avi-llino- 
Campagna-Salerno,  is  characterised 
by  the  presence  of  a  gnmp  of  mountains 
with  numerous  plateaus  in  the  form 
of  basins.  By  reason  of  their  unusual 
height  and  the  composition  of  their 
rocks,  which  are  among  the  most  porous 
(limestones  and  dolomites)  this  group 
of  mountains  exercises  an  important 
function  in  the  absorption  of  the 
water  and  atmospheric  moisture.  The 
conditions  under  which  this  water 
collects  are  most  favourable  to  its 
reapjwarance  in  the  form  of  springs, 
the  mass  of  mountain  bi'ing  isolated 
from  the  plateau.  alx)ve  which  it 
towers,  by  a  belt  of  impermeable 
ground,  forming  in  its  interior  an 
immense  natural  reservoir,  from  which 
the  W"ater  in  excess  escapes  in  the  form 
of  copious  springs  at  the  lower  points 
of  the  edge  of  this  belt.  The  area 
taken  in  by  these  porous  rocks  com- 


prises about  O05  sq.  km.,  between 
Caposelc.  the  right  bank  of  the  Kiver 
Sele.  Campagna.  Salerno  and  Avellino  ; 
the  total  volume  of  water  issuing  from 
th«)se  springs  is  never  less  than  23 
cu.  m.  per  second.  Of  these  springs, 
the  most  imp)rtant,  from  the  point  of 
view  of  tiieir  utilisation  for  the  aque- 
duct, wfre  tiiose  emanating  from  the 
eastern  siopi-  of  Mt.  I'aflagone.  which 
abuts  from  Mt.  Cervialto  (1.810  m.) 
near  Capisele.  The  principal  group 
of  the  springs  issues  from  a  large  lime- 
stone wall  at  points  having  an  altitude 
from  420  to  42  5  ni.al)ove  sea  level,  and 
describing  an  arc.  the  concavity  of 
which  faces  the  east,  enclosing  the 
depression  where  the  water  collects 
and  whence  it  is  precipitated  from  a 
height  of  }o  m.  to  form  the  Kiver  Sele, 
An  accurate  geological  survey  of  the 
local  conditions,  revi-aled  the  existence 
of  a  substrata  of  impermeable  clay, 
lining  this  depression  and  natur- 
ally protecting  the  water  collected 
therein  against  waste  due  to  filtration, 
so  that  nothing  further  was  necessary, 
in  order  to  retain  the  water  and  lead 
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it  into  the  aqueduct,  but  to  close  the 
passage  through  which  it  previously 
escaped.  For  this  purpose  a  retain- 
ing wall  extending  across  this  pass 
age  was  constructed.  The  wall, 
which  has  a  thickness  of  2  m.  and 
is  constructed  for  half  its  height  of 
concrete  and  the  upper  part  t)f  hnie- 
stones  held  together  with  jnizzolane, 
has  its  foundations  in  the  impemieable 
strata,  the  ends  of  the  structure  pent-- 
trating  into  the  same  medium  and  is 
almost  entirely  embedtletl  in  the  ground, 
its  top  is  2.50  m.  below  the  mean 
level  of  the  water  in  the  collecting 
basin. 

Thi-  water  from  the  rock  is  collected 
by  twelve  canals,  each  <So  cm.  wide, 
adjoining  the  rock  at  the  }K)ints  where 
the  springs  appear  more  abundantly. 
These  canals  have  a  natural  soil  bottom 
and  perforated  walls  formed  by  concrete 
bricks  of  60  cm.  side,  with  an  open- 
ing of  15  cm.  between  each  ;  they 
lead  into  a  collecting  canal  55  m.  long, 
with  a  width  increasing  from  j  to  5 
m.,  having  also  a  natural  soil  bottom 
at  a  datum  maxima  of  419  m.  over  sea 


level,  and  with  an  inclination  of  0.5 
"  The  walls  of  this  canal  arc  built 
of  piles,  bound  together  by  arches  of 
masonry,  the  spaces  being  filled  in 
with  the  same  material  as  that  ust^l 
for  the  small  canals.  The  space  between 
the  walls  of  the  small  canals,  the  adja- 
ci-nt  side  of  the  main  one  and  the  rock 
oppositi'.aswell  as  the  space  on  theother 
side  of  the  main  canal,  in  the  direction 
of  the  retaining  wall,  until  no  traces 
of  water  appear  from  the  soil,  are  tilled 
in  with  a  bed  of  gravel,  through  which 
the  water,  coming  from  the  soil,  tilters 
and  overflows  through  the  perforated 
walls  into  the  collecting  canals.  The 
lx-(l  of  gravel  is  coven-d  by  an  im- 
|>ermeable  strata  of  concrete  30  cm. 
thick,  rejoining  the  edges  of  the  collect- 
ing canals,  i  he  main  collecting  canal 
is  covered  with  a  reinforced  concrete 
floor,  and  the  small  canals  with  cement 
slabs.  All  the  collecting  zone,  from 
the  rock  to  the  retaining  wall,  is 
covered  with  a  bed  of  arable  soil  JSo 
im.  deep,  protected  against  perco- 
lation of  rain  water  by  a  jierfect  system 
of  drainage. 
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The  collecting  canal,  above  described, 
branches  into  a  supply  canal  of  masonry, 
17  m.  long  and  5  to  4  m.  wide,  the 
bottom  of  which  has  an  inclination 
equal  to  that  of  the  collecting  canal. 
When  the  water  in  this  supply  canal 
reaches  a  level  ol  i  m.,  a  volume,  ex- 
ceeding 6  cu.  m.  per  second,  can  be 
delivered,  which  is  the  maximum 
quantity  available  in  exceptional 
years. 

At  its  extremity  the  floor  of  the  canal 
is  418.95  m.  above  sea  level,  and  has  a 
dcprcssit)n  i  m.  deep  and  6  m.  long, 
tenninating  two  metres  before  the  face 
over  which  the  water  falls  :  this  arrange- 


ment is  made  for  the  purpose  of  enabling 
water  to  be  directed  into  an  auxiliary 
discharging  canal,  branching  from  the 
main  one,  which  will  be  described  later 
on.  The  supply  canal  leads  into  a 
collecting  well  7  m.  long,  4  m.  wide, 
the  Ixittom  of  which  is  41^.50  m.  above 
sea  level.  The  wall  opposite  the  spot 
where  the  water  arrives,  is  pierced  by 
two  apertures  of  i  m.  square  section, 
provided  with  double  sluice  gates,  for 
the  purpose  of  regulating  the  inlet  of 
the  water  to  the  aqueduct  or  dis- 
charging the  entire  volume,  through  a 
chamber  5  ni.  long  and  3  m.  broad, 
into  the  ordinary  discharging  canal. 
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This  canal  is  74  m.  long,  has  a  gradient 
of  2  "„  and  branches  into  the  old  bed 
of  the  Kiver  bele. 
The  lower  wall  of  the  collecting 

wfll  contains  the  \vcir(4iS.76  ni.  ah{»ve 
sea  level),  over  which  the  water  falls 
into  a  chamber,  the  edge  of  which 
constituti  s  the  starting  point  of  the 
aqueduct. 

The  principal  operating  room  (shown 
in  one  of  the  accompanying  photo- 
graphs) (g.30  m.  by  5.20  m.)  contain- 
ing the  hydrometer  and  the  necessary 
mechanism  for  the  operating  of  the 
sluices  is  placed  abovt!  the  supply  and 
discharging  chambers. 

For  supplying  the  town  of  Capo-vclc, 
500  litres  per  second,  if  the  output 
of  the  springs  is  more  than  4  cu.  in. 
and  200  litres,  i(  this  output  is  k'^>. 
are  to  be  returned  to  the  old  bctl  of 
the  Kiver  Sele.  This  quantity  is 
taken  by  a  canal  branching  from  the 
collecting  canal,  in  prii\iniit\'  (o  the 
south  end  of  the  retaining  wail.  This 
canal  is  i  m.  wide  and  the  level  of  its 
bottom  is  .JO  cm.  lower  tlum  the  bottom 
of  the  collecting  canal  ;  it  communicates 
through  an  o}K'ning,  regulated  by 
sluicegates,  with  a  basin,  ending  by  a 
weir  over  wiiich  the  water  falls  back  to  the 
old  bed  of  the  River  Sele  in  a  pipe 
passing  the  retaining  wall.  By  regu- 
lating the  sluice-gate  the  exact  level 
can  be  maintained  in  the  basin. 

The  main  canal  of  the  aqueduct, 
which  originates  at  the  above  men- 
tioned chamber,  runs  from  Caposele 
to  basimo.  Its  length,  according  to 
the  scheme  adoptcil.  ib  2i\.^y^  km., 
of  which  9O.84O  km.  are  tunnelled, 
8.509  km.  are  canal-bridges  and  7.390 
km.  are  syphons.  Some  of  the  tunnels 
(the  total  nimiber  of  which  is  73)  are 
as  long  as  the  most  famous  tunnels 
through  the  .Mjis.  vi/.,  fhr  first  tunnel 
through  the  Appennines  (i5.2(>8  km.) 
and  the  tunnel  of  Murge  (16.021  km.) 
many  otiicrs  have  a  greater  length 
than  5  km.  Noteworthy  is  the  canal- 
bridge  over  the  "  Vallone  di  S.  Pietro," 
which  is  073  m.  long ;  among  the 
syphons,  the  most  important  is  that 
of  "  Palazzo  S.  Gcrvasio,"  4341.95  m. 
long,  consisting  of  two  pipes  of  1650 
mm.  diameter. 

The  main  canal  is    divided  into 


six  sections,  each  dimensioned  for  an 

output  varying  from  3.(m>()  c\i.  m. 
to  2  cu.  m.  per  secontl.  The  profile 
of  the  section  is  ovoid  for  the  tunnels 
and  cvits  in  clay  ground  ;  rcrtanL'nlar, 
surrounded  by  a  semi-circle  and  hmited 
on  the  bottom  by  a  reversed  arch  for 
the  cuts  in  tufaccous  rocks  and  for 
the  canal  bridges.  Length,  output, 
extreme  dimensions  of  the  section  and 
gradient  respectively  of  these  parts 
are  as  follows : — 


u  &£1 


SKCTIOH»  or  TNK  SIX  rORTIOXS  Of  7U%  CANAL. 


l''irst  scition  from  ('ajxiscU-  to  the 
main  branch  for  the  provmceof  I'oggia  ; 
53.270  km.  60  ;  5.(k)o  cu.  m. :  2.87 
m.  by  j.f)-  m.  ;  0.J5  Second 
section,  hum  the  I'oggia  branch  to  the 
starting  point  of  the  Loconc 
sy])hon :  2().2o5  km.  ~():  4.670  cu.  m. : 
2.41  m.  by  2.39  m.  ,  0.40  ■ Third 
section,  from  the  starting  \Hmt  of  the 
Locone  syphon  to  the  Andria  bnmch 
20  ((S3  km.  r>4  ;  4.()70  cu.  m.  ;  2.58 
m.  by  2.05  m.  ;    0.40  Fourth 
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section,  from  tho  Andria  branch  to  the 
Bari  one  :  40.O5.S  km.  qi  ;  3.100  cu.  m.  : 
2.42  m.  by  174  m.;  0.28  "/ „.  I-'ifth 
section,  from  the  Bari  branch  to  the 
(lioia  del  Colle  one  :  2H. 750  km.  72  ; 
2.300  cu.  m  ;  2.2<)  m.  by  1.55  m.  ; 
O.JO  "/,„.  Sixth  section,  from  the 
Ciio'a  del  Colle  branch  to  Fasano, 
18.632  km.  91  ;  2  cu.  m.  ;  2,16  m.  by 
"1.55"  m.  ;  0.30  "/..,. 

The  first  334  m.  of  the  main  canal, 
extendinfi  from  C  aposele  to  the  Tredofij,'e 
torrent,  are  rejiiilatt'd,  in  order  to 
ascertain  the  volume  of  water  passing 
through.  The  part  n-servetl  for  this 
puqx)se  is  107  m.  lonp  and  hjis  a 
fjradient  of  0.25'/,.,  ;  its  section  heinp 
rectangular  2.50  m.  by  2.O0  m..  with  a 
cuvette  9  cm.  deep.  This  section  is 
sufficient  to  allow  the  passage  of  6 
cu.  m.  per  second.  In  the  middle 
there  is  an  enlargement  of  section,  from 


which  starts  a  chamber  4.5  m.  broad 
and  3  m.  long,  with  two  lateral  ledges, 
crossed  by  a  bridge,  from  which  it  is 
possible  to  miMsure  the  volume  of  water, 
by  means  <>f  a  Woltmann  wheel.  This 
check  canal  is  tunnelled,  and  access 
to  the  operating  ro<im  is  effected  through 
a  well  15.80  m.  deep  and  1.80  m.  across. 

.A long  the  main  canal,  there  are  25 
buildings  for  the  ])artial  or  total 
discharge  of  the  water  in  natural  water- 
ways, so  arranged  that  only  the  part 
of  the  canal  comprised  between  two 
can  be  put  out  of  service,  l-or  the 
supervision  and  conveyance  of  material 
there  are  at  present  165  km.  of  special 
roads  connecting  the  main  canal  with 
the  national  and  provincial  roads ; 
to  every  6  km.  of  canal  there  is  a  watch- 
man's house. 

The  supply  of  water  to  the  260  towns 
in    the    three   provinces    is  assured 
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through  2,300  km.  of  canalisation  and 
pipirif,'  as  follows  : — 

For  the  provinrc  of  Foggia,  thr 
water  is  taken  b\  a  branch  canal  ox- 
tending  over  45  </).i  km.  of  which 
3.428  km.  are  tunnelled,  IJ.501  km. 
82  are  syphons,  and  d.^Ih)  km.  canal- 
bridges  ;  this  canal  is  followed  by  a 
pressure  conduit  of  68.116  km.  and 
207. .Sfi^  km.  canalisation  branching 
from  it  run  to  the  towns  from  which 
TOO  km.  piping  distribute  the  water 
to  the  inhabitants. 

There  will  be  17  reservoirs  of  a  total 
capacity  of  50,900  ru.m. ;  nine  pumping 
stations  for  supplying  those  centres  on  a 
higher  level  than  the  canal,  and  5  power 
stations  of  1,087  H.P.  total  output. 
.\  most  interesting  feature  is  the  great 
s\  pli  n  of  Ofanto,  having  a  length  of 
5  ^5  km.  ;  a  nonnal  output  of  i.zoo 
litres,  and  a  drop  of  29.9I  m.  (tWO  pipes 
of  700  mm.  dia.). 

For  the  province  of  Ban,  the  supply 
is  assured  by  <Sf)0  km.  canalisation  and 
piping  ;  of  these  31)2.300  km.  branch 
directly  from  the  main  canal  and  run  to 
the  reservoirs;  117.700  km.  run  from 
the  reservoirs  to  the  towns,  and 350  km. 
are  piping  in  tlie  towns  themselves. 
There  arc  53  reservoirs  with  a  total 
ca]iaeitv  of  io',.ooo  cu  m.  ;  S  piunping 
stations  and  il  power  stations  with  a 
total  output  of  3,621  H.P. 

Owing  to  the  fact  that  the  wh<»le  of 
the  province  lies  down  in  the  plain,  no 
special  structures  were  there  necessary. 
The  supplv  for  the  province  (tf  f.''rc<'  is 
taken  by  a  branch  canal  extending 
over  30.524  km.  of  which  6621  km. 
aretmuielled  ;  (150  km.  canalisation  will 
go  from  this  canal  to  the  towns.  There 
will  be  77  reservoirs,  with  a  total 
capacity  of  133,000  cu  m.  ;  5  pumping 
stations  and  2  power  stations  with  a 
total  output  of  3,987  H.P.  A  notable 
piece  of  work  will  be  the  two  s^'phons, 
one  17.250  km.  long  and  with  a  drop  of 
26  m.  (Villa  CastelH-Oria)  ;  another 
one  55  km.  long  with  a  drop  of  19.28  m. 
(Oria  S.  Donato). 

W  ilh  an  output  of  5.500  cu.m.  per 
second,  a  supply  of  100  litres  per  in- 
habitant to  a  jiopulation  of  2.r»oo.ooo 
woulil  use  only  about  *  of  the  total, 
the  rest  being' available  for  irrigation 
and  other  purposes. 


It  may  be  interesting  to  give  some 
particulars  of  the  power  stations  which. 

over  the  whole  length  of  tlie  aqueduct, 
utilise  the  ditlerences  in  level  for  the 
production  of  energy,  a  small  fraction 
of  which  is  absorbed  by  the  pump 
stations,  but  all  the  rest  is  available  for 
external  use.  The  total  output  (^,685 
H.P.)  is  not  a  very  large  one,  especially 
for  Italy,  which  is  one  of  the  richest 
lands  in  the  world  in  water  falls. 

But  it  is  to  be  noted  that  in  this  case, 
the  stations  produce  energy  without 
any  disturbance  in  the  service  of  the 
aqueduct,  and  the  water,  after  having 
spont  its  kinetic  energy  in  the  turbine<, 
resumes  its  primarj'  role;  viz.,  the 
supply  of  the  surrounding  districts ;  in 
conse(|uence  no  water  is  wasted  for 
these  auxiliary  services,  which  are, 
therefore,  exceptionally  cheap.  The 
total  number  of  the  pou (  r  stati* ms  is  iS. 
Of  these,  13  are  of  minor  imi>ortance, 
their  output  varying  from  a  minimum 
of  2g  to  a  maximum  of  400  H.P, ; 
five  have  an  output  exceeding  700,  and 
reaching  2,500  H.P.  The  first  power 
station  of  this  group  is  on  the  branch 
canal  for  the  province  of  Foggia  (Salto 
del  l  uppo)  wlu're  1 ,1000  litres  make  a 
drop  of  54.20  m.,  through  a  pressure 
conduit  of  330  m.  length  and  i  m.  dia., 
developing  784  H.P. 

A  second  station  is  situated  on  a 
secondary  canal,  assuring  the  supply 
of  the  towns  Andria,  Barletta.  Corato. 
Trani.  Bisceglie,  Molfetta  and  Giovi- 
nazzo,  in  the  province  of  Bari.  In  this 
Station  i.i2u  litres  fall  102.45  m. 
through  2,162  m.  pressure  conduit  of 
900  mm.  dia.,  and  develoyi  1. 411  H  P. 

The  third  station  is  on  another  secon- 
dary canal,  feeding  the  town  of  Bari  ; 
590  litres  fall  106.50  m.  through 
2313.45  m.  conduit  of  800  m  m.  dia. 
The  station  gives  an  output  of  799  H  P. 

The  fourth  and  most  important 
station  is  at  \'illa  Castelli,  at  the  end  of 
the  branch  canal  for  the  province  of 
Lecce.  In  this  station  1627.40  litres 
have  a  fall  of  11S.40  m.  ;  the  pressure 
conduit  has  a  length  of  2008.23  m.  and 
a  dia.  of  1.300  mm.  ;  the  output  of 
the  station  is  2.516  H  P. 

The  fifth  station  is  placed  not  far 
from  the  end  of  the  above  mentioned 
branch  canal,  at  Grottaglie ;  1093.40 
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litres  there  fall  105.80  m.  through  a 

prcssun-  conduit  of  2,250  m.  length  and 
I  m.  dia. ;  the  station  develops  1,471 
H.P. 

The  engines  to  bo  installed  in  tlu  sc 
stations  will  be  l-"rancis  tiirbinr-^  of 
horizontal  type  ;  they  will  be  directly 
coupled  to  three-phase  altamating  cur- 
rent generators  of  i^.fKHi  volts. 

A  fraction  of  the  total  output  of  the 
18  power  stations  will  be  required  for 
the  pump  station^,  numbering  22.  Of 
these  stations,  five  will  utilise  the  energy 
produced  by  the  falls  existing  on  the 
six)t  ;  of  the  ri'maining  stations  the 
followin{{  are  remarkable  : — 

The  station  serving  the  towns  of 
Altamura  and  Gravina,  where  55  litrr^ 
have  to  be  raised  158.^1  m.  through 
7.040  m.  of  piping  having  a  diam.  of 
400  mm.  ;  the  power  required  for  this 
station  will  be  200  H.P.  The  station  of 
Galatone,  where  X06.4  litres  have 
t<»  be  pumped  40.5001.  through  2793.^0 
m.  piping  of  600  mm.  dia. ;  the  power 
absorbed  wilt  be  124  H.P. 

The  station  of  Parabita,  the  most 
important  one  ;  7(^.7  litres  to  be  raisrd 
99.50  m.  through  2,340  m.  piping  of 
500  mm.  dia.  with  an  expenditure  of 
224  H.P. 


There  are  many  other  stations  raising 

only  small  quantitie-^,  to  heights  not 
exceeding  200  m.  The  pumps  installed 
in  these  stations  «^ll  be  of  the  centrifu- 
gal type  ;  single,  for  the  stations  of 
minor  importance  ;  multiplex,  high 
pressure,  for  the  others ;  total  energy 
required  b\'  the  22  stations  will  be 
1.267  B.H.P. 

The  work  is  so  far  on  the  way  to 
completion  that  the  first  65  towns  in 
(lu-  three  provinces  will  be  suj)plied  with 
water  long  before  the  stipulated  date. 
Lecce,  and  the  centres  of  its  provinces, 

which  are  at  the  f^'natest  distance 
from  the  end  of  the  main  canal,  will  be 
supplied  with  water  in  1915.  The 
whole  a(]ii('duct  is  to  be  Opened  in  the 
month  of  .August,  1916. 

A  few  more  months,  and  the  "  siticu- 
losae  .Xpuliae  "  of  Horace  wiB  be  btit  a 
dead  recollection.  After  centuries  of 
torments  of  thirst,  which  there  seemed 
to  be  no  means  of  mitigating,  a  copious 
stream  of  water  will,  at  length,  bring  to 
the  inhabitants  of  Pouille  life  and 
prosperity.  This  is  a  work  of  which 
modern  Italy  can  be  proud,  as  an 
engineering  feat  which  will  remain  long 
without  rival. 
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By  Professor  Bertram  Hopkinson,  F.R.S. 


TWE  most  impnrt:tnt  )«■<  iiliaiitv  "f 
tlio  iiaVi'iiiLiim'.  that  whicli  dctiT 
mines  the  rharactrristir  f<  at  tiros 
of  it-  (It  sij^n  and  o]  <  ratimi,  i>-  thf  heat- 
flow  tr«»m  ihf  hot  k-'^*  ?*  into  tin-  cvUntU  r 
walls.  About  v»  ptT  <*pnt.  of  the  heating; 
valno  of  the  fuel  pa^-^.    into  the  metal 
of  the  engine  in  this  way,  and  it  is 
necessary  to  provide  means  for  its 
n'lnnval  as  fast  a-,  it  ,i,'<>i  s  in.    In  all 
engines  hitherto  maile  (i  xiept  the  small 
air-cooled  enfjines)  the  removal  of  the 
heat  has  been  allet  ted  bv  the  rircula- 
tion  (>(  water  round  tlie  cylinder,  and 
(in  large  enpinos)  in  the  substance  of 
the  piston  and  exhaust-valve.  External 
water-cooling  is  the  ultimate  cause  of 
most  of  the  disadvantages  imder  which 
the  gas-ent;ine  has  hitherto  laboured 
and  which  have  retanletl  its  develop- 
ment  in    large  sizes.    It  is  obvious 
that  the  provision  of  a  jacket,  and  of  t  Ik 
elaborate  appliances  neces>.;irv  for  the 
circulation  of   water   in   the  moving 
piston   and  exhaust-valve,   must  be 
largely  re<]TonsibIe  for  the  great  weight 
and  cost  of  large  engines  of  this  type. 

For  many  purposes  these  disadvan- 
tages might  not  in  themselves  Ix-  serious, 
having  regard  to  the  superior  economy, 
were  it  not  that  there  are  secondary 
effects  of  this'nict hod  (if  (-nojinu;  wliii  li 
tend  to  make  a  large  engine  unreliable 
In  working.  In  order  that  the  heat 
may  be  caused  to  Mow  Inmi  the  inner 
surface  of  the  metal  where  it  enters 
to  the  outer  surface  where  it  is  removed, 
there  must  be  a  differeni  <  of  tempera- 
ture between  these  surfaces  propor- 
tionate to  the  thickness.  The  necpssar\' 
difference  is  of  tlir  nid.  r  <if  s"  C 
per  inch,  anfl  w  hile  not  of  nun  li 
moment  in  srn.ill  engines,  it  tna\  liecome 
serious  in  large  sizes  wben  the  ( \  linder- 
walls  are  in  places  3  inches  thick  or 
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more.  Inirthermore,  it  i^  diflicult  in 
large  enL^ines  to  secure  an  ailequale 
circulation  about  all  parts  of  the 
cvlinder-walls  ;iiul  piston,  and  some 
jiarts  niav  Ix-conie  much  hotter  than 
others.  "The  ini<|ualities  of  temjiera- 
ture  so  set  up  in  the  metal  are  detri- 
mental in  two  ways.  In  the  hrsl  place 
th<y  cause  stresses,  which  are  very 
liable  to  cra<  k  a  casting  already  (b\' 
reason  «»f  the  double  wall  required  to 
form  the  jacket)  difficult  enough  to 
design  and  manufacture.  Seiondly. 
the  overheating  of  certain  parts  of 
the  inner  surface,  whose  temperature  as 
pointed  out  is  much  above  that  of  the 
water,  is  apt  to  cause  pre-ignition  of  the 
charge,  espcrially  if  deposits  of  carbon 
or  tar  are  formed.  Such  deposits 
on  a  surface  already  overheated  may, 
owing  to  their  p<Jor  conducting  power, 
I  reach  a  temperature  sufficient 

to  lire  the  charge  before  the  proper 
time.  I're-ignitions  so  caused,  aj)ari 
from  their  effect  in  reducing  the  effi- 
cie!ic\-  ;ind  powi-r  of  tli-  engine,  are  a 
st)urce  ol  danger  becauM'  tliev  cause  an 
excessive  development  of  lieat  espe- 
cially in  the  neiglil)ourh(H)d  of  the 
pre-igniting  point,  and  also  result  in 
higher  maximtun  pressures.  In  conse- 
quence of  the  d.in^'ers  of  overheating, 
it  luiii  been  founil  un])ossible  to  work 
gas-engines,  especially  of  large  size, 
continuously  at  tlu-  maximum  power 
which  they  can  tie ve lop.  In  order 
to  obtain  at  all  satisfactory  results,  it  is 
ne<  I'ssary  to  usf  weak  mixtures  and 
eve  1  so  trouble  is  apt  to  arise  for  1  he 
reasons  stated.  If  it  were  possible 
to  allow  larce  L:.is-t'ngines  to  work 
continuously  at  tli<  maximum  power 
which  they  are  r.ip.tlile  of  developing 
for  short  periods,  the  cost  per  horse- 
power would  be  reduced  from  20  to  40 
per  cent. 

(  <M»i.iN(.  BY  Intern.\l  Injection. — 
When  once  these  diAicultics,  and  their 
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cause,  have  been  clearly  stated,  it  seems 
fairly  obvious  that  they  can  be  overcome 
by  applying  the  cooling  medium  on  the 
inside  of  the  cylinder  instead  of  to  the 
outer  surface.  If  water  can  Ix*  injected 
internally  against  the  surfaces  to  be 
cooled,  the  heat  is  renibved  on  that 
side  of  the  metal  on  which  it  is  f,'cn<'r;i- 
ted,  and  there  is  no  heat-flow  through 
the  metal  and  no  difference  of  tempera- 
ture between  the  inner  and  outer  sur- 
faces. The  water  may  be  distributed 
by  means  of  jets  so  that  each  part 
receives  it  in  proportion  to  the  ratt* 
at  which  it  receives  heat  from  the  hot 
gases.  Thus  the  engine  can  Ix*  main- 
tained at  substantially  tlie  same  tem- 
perature all  over  and  the  strt>->t  s  dueto 
unt'(|ual  heating  may  be  ehniinaled. 
A  simple  single-walled  casting  can  be 
used  for  the  cylinder,  resulting  in  a 
grciit  saving  in  weight  and  cost  and  in 
improvetl  reliability  on  account  of  the 
elimination  of  casting  stresses.  The 
arrangements  for  cooling  the  piston, 
which  are  necessary  in  large  engines, 
ran  bo  dispen<?ed  with  a  point  of 
great  importance,  because  these  ar- 
rangements, besides  being  costly, 
frequently  give  trouble,  and  their  faihir( 
may  easily  result  in  wrecking  [the 
engine.  Fmally,  pre-ignitions  are  en- 
tirely prevented,  for  even  a  thick  deposit 
of  carbon,  being  cooled  by  the  projec- 
tion of  water  against  the  surface  into 
which  the  heat  flows,  is  kept  at  a 
temperature  much  below  that  full  red 

*  As  there  exists,  even  now.  some  mis- 
apprehenskms  about  this  point  it  may  be 
well  to  explain  it  rather  more  fully.  Suppoee 
that  water  to  such  an  amount  that  its  evapo- 
ration would  ali-Mirl).  saw  onc-tcnlli  <jf  the 
lieat  of  CDiiibu^tiini  a-,  injciti'd  into  the 
t  vlindi-r  at  tlir  moriu'iit  nf  L-.\[)Iosion.  ami 
that  the  whole  of  thi.s  water  is  evaporated 
in  the  flame  and  l)eforc  it  reaches  the  walls. 
The  effect  on  the  flame  temperature  will  be 
substantially  the  same  as  though  the  supply 
of  the  combustible  gas  had  been  diminished 
by  the  amount  re<jnired  to  cva|>orato  the 
water,  flial  i--.  it)  tlic  ralio  of  10  toy.  and  flicrt- 
will  hv  a  1  orropoiuliTiL;  rctliirtion  both  in  the 
flame  trmin-ratiire  ami  in  the  (low  <if  in-, it 
from  the  hot  gases  to  the  walls.  I  hus  the 
heat  which  must  be  removed  by  the  jacket- 
water  or  by  evaporation  of  liquid  on  the  walls 
will  be  reduced  by  roughly  one-tenth  of  itself 
or.  say.  from  30  per  cent,  of  the  heat  of  com- 
bustion to  27  percent.  Theabsotate  reduction 
in  heat-flow  isonly  of  the  orderof  one-third  of 
the  heat  of  evaporation  of  the  water,  and  it  is 


heat  which  is  necessary  to  fire  the 

charge. 

The  idea  of  introducing  water  into  an 
internal-combustion  engine  is  not  new. 

It  is  a  common  practice  in  oil-engines  to 
introduce  water  along  with  the  oil  in 
order  to  enable  the  compression  to  be 
raised,  and  water  has  been  sprayed 
into  gas-engines  for  the  purpose  of 
preventing  pre-ignition.  Proposals 
have  also  Ix'en  made  to  introduce 
water  for  the  purpose  of 'cooling  parts 
of  the  metal.  None  of  the  latter, 
however,  has  been  a  practical  success, 
if  indeed  they  have  ever  been  more 
than  suggestions  on  paix'r.  apparently 
because  their  originators  did  not  appre- 
ciate the  conditions  which  must  be 
satisfied  if  the  injected  water  is  to  act 
as  an  eiTective  cooling  agent.  Of  these 
the  most  important  is  that  the  water 
must  be  projected  in  comparatively 
coarse  drops  or  jets  directly  against 
the  surfaces  to  be  cooled,  so  that  it 
reaches  these  surfaces  in  the  hquid 
form  without  much  loss  by  evaporation 
on  the  way.  Further,  it  must  be 
distributed  properly,  so  that  each 
portion  of  the  metal  receives  water 
in  the  proportion  in  which  it  receives 
heat.  If  the  water  be  turned  into 
steam  before  reaching  the  metal,  it 
will  not  exert  any  cooling  effect  except 
indirectly  by  lowering  the  temperature 
of  the  flame,  and  such  lowered  tempera- 
ture is  accompanied  by  a  considerable 
loss  of  efficiency.*    If  the  water  is  not 

Obviously  impossible  by  this  means  to  reduce 
the  heat-flow  to  such  a  point  tiiatan  external 

water-jacket  can  be  dispensed  with.  More- 
over, evaporation  of  water  in  the  flame  is 
accompanied  by  a  considerable  rediution 
in  thernKKhnamio  etiuieiuv.  because  the 
.suppression  of  the  luat  r(i|uirfd  for  the 
evaporation  of  the  water  is  (jnl\  very  partially 
counteracted  by  the  a(htetl  pressure  due  to 
the  formation  of  the  steam.  Kou^hly  speal^- 
ing.  any  reduction  in  heat-flow  due  to  evapo- 
ration of  water  in  the  flame  must  be  accom- 
panied by  a  reduction  of  the  same  order  of 
magnitude  in  the  work  done. 

On  the  other  hanil,  watir  which  rcirhes 
the  walls  in  the  liipiid  (oriii  and  isthere  e\apo- 
rated  absorbs  out  of  the  heat  f^ivcn  to  the 
walls  by  the  Ras  the  whole  of  its  own  heat  of 
evaporation,  and  there  is  no  loss  of  thermo- 
dynamic efficiency  because  the  heat  used  is 
waste  heat  which'in  a  jacketed  engine  would 
go  to  warm  the  coolinK  water.  Any  steam 
formed  in  this  way  is  pure  gain  :  J»n<l.  if 
anything,  there  is  an  increase  in  we  woi  kdone 
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properly  distributed,  tliosr  portions 
of  the  cylinder -walls  and  piston  which 
clo  not  receive  an  adequate  supply  must 
lose  by  conduitiuii  to  tlie  projierly 
cooled  jjortions  the  heat  which  they 
receive  and,  in  consequence  of  the 
inequalities  of  temperature  so  «;<  t  ui>,  an 
important  advantage  of  this  method  of 
cooling  (substantially  uniform  tempera* 
ture)  is  lost.  It  is  of  no  use  to  inject 
the  water  in  a  hne  spray  produced  by  an 
atomiser,  or  to  introduce  it  into  the 
gas  or  air-pi[x\  so  that  it  is  carried  in 
suspended  in  the  incoming  c  liar^e  or 
(as  IS  often  done  in  oil-engines)  to  >pray 
it  in  along  with  the  oil.  Thougii  some 
of  these  devices  have  proved  useful 
for  the  prevention  of  pre-ignition  and 
for  the  softening  of  the  explosion,  none 
of  them  is  eftective  for  the  purpose  of 
cooling.  For  that  purpose  it  is  neces- 
sary to  project  the  water  positively  and 
directly  against  the  metal  surfaces, 
by  means  of  properly  arranged  nozzles 
in  a  roise,  or  its  equivalent,  projecting 
into  the  combustion-chamber. 

The  methotl  of  internal  injection 
described  in  this  paper  cmliodies  this 
I)rinciple.  Cokl  water  is  injected 
through  a  hollow  casting  projecting 
into  the  combustion-chamber  and  pro- 
vided with  a  number  of  holes  or  small 
nozzles  about  1-32  in.  in  diameter. 
The  jets  so  formed  are  comparatively 
coarse,  so  that  eveu  wluii  proie<  tiil 
into  the  flame  the  water  reaches  the 
part  of  the  wall  against  which  it  is 
directed  with  but  little  evaporation 
on  the  way.  The  jets  arc  directed 
to  all  parts  of  the  surface  of  the  com- 
bustion-chamber and  against  the  face 
of  the  piston. 

The  projection  of  liquid  water  against 
the  walls  and  the  proper  distribution  of 
that  water  are  the  first  essentials  of 
eftective  cooling  by  water-injection  ; 
but  there  are  other  conditions  which 
must  be  satisfied  in  onler  that  the 
system  may  be  a  practiial  success. 
It  is  the  experience  of  all  who  have  had 
much  t'>  (!')  with  gas-engines,  that 
whenever  liquid  water  has  by  accident 
or  design  been  allowed  to  accumulate 
on  the  iruier  surface  of  the  cvlin<l<  r ,  it 
has  been  found  to  have  very  deleterious 
effects.  Most  producer  gas  contains  a 
certain  proportion  of  sulphur  dioxide. 


This  dissolves  very  readily  in  cold 
water  forming  sulphurous  acid  which 
rapidly  corrixles  any  metal  surface 
with  which  it  may  Im-  in  contact.  Thus, 
if  the  cyliniler-walls  are  allowed  to 
become  and  remain  wet,  they  are 
rapidly  destroyed  by  corro-^ion.  Even 
when  the  gas  does  not  contain  sulphur 
dioxide,  liquid  water  spoils  the  working 
of  the  engine  by  washing  away  the 
lubricant. 

When  the  author  first  began  to 
consider  the  use  of  internal  injection  as 
a  means  of  cooling,  these  ditbculties 
of  corrosion  and  lubrication  seemed  to 
be  an  insujn-rable  l)ar.  until  it  occurred 
to  him  that  they  could  probably  be 
overcome  by  the  simple  device  of 
regulating  the  amount  of  water  injected 
in  such  a  way  that  the  temperature  of 
the  whole  of  the  engine  is  kept  well  above 
100*  C.  Under  such  conditions  (which. 
f»f  course,  are  only  rendered  possible  by 
the  absence  of  all  external  water-cooling) 
every  drop  of  injected  water  is  boiled 
when  it  reaches  the  walls,  and  no 
liquid  can  ai  cuiuul.ite.  The  large  drops 
of  water  projected  from  the  nozzles 
can  dissolve  but  little  gas  on  their  way 
to  the  walls,  for  their  surface  is  rela- 
tively small  and  they  are  only  in  contact 
with  the  gas  for  a  frai ii  in  nf  a  second. 
What  little  they  dt)  absorb  is  at  once 
driven  oflf  when  they  strike  the  hot 
metal,  because  tlu'  water  is  almost 
instantly  converted  into  steam.  That 
corrosion  may  be  completely  prevented 
in  this  wav  h.is  been  pn)\etl  by  actual 
trials,  of  which  further  particulars  arc 
given  later. 

The  practical  application  of  this 
system  of  cooling  has  been  much  facili- 
tated by  a  discovery  made  by  the  author 
soon  after  he  began  experimenting  with 
it  It  was  well  known  fri»m  the  experi- 
ments of  Dr.  Dugalil  C  lerk,  the  autlu>r, 
and  others,  that  the  rate  of  heat-flow 
from  the  gas  into  the  metal  is  far  more 
rapitl  at,  and  soon  after,  the  moment  of 
ignition  than  at  any  other  time.  It 
seemed  likelv  from  these  exixriments 
that  for  practical  puri>oses  the  heat-flow 
into  the  barrel  of  the  cylinder  during 
th<'  last  three-foiutiis  of  the  expansion 
stroke  might  be  so  small  comuared  with 
that  in  the  first  period  that  airect  cool- 
ing of  this  portion  of  the  cylinder  could 
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be  dispensed  with  altogether.  This 
anticipation  has  been  found  to  hv  cor- 
rect. It  is  suthcient  to  inject  water  on 
to  the  surface  of  the  combustion  cham- 
ber and  the  head  of  the  piston  only, 
the  whole  of  the  cooling  of  the  barrel 
being  effected  by  conduction  into  the 
piston  which  is  itself  kept  cool  bv  the 
projection  of  water  on  to  the  head  when 
It  is  near  the  in-centre.  This,  of  course, 
is  the  opj>osite  of  what  occurs  in  a 
jacketed  engine,  in  which  the  heat  flows 
from  the  piston  into  the  jacketed  barrel. 
By  taking  advantage  of  this  fact,  the 
application  of  water  is  confined  to  places 
where  it  can  do  no  harm,  none  falling 
on  the  sliding  surfaces.  This  is  a 
ptjint  of  some  importance  if  the  water 
contains  much  dissolved  matter.  The 
experimental  engine  described  below  has 
been  worked  for  some  thousands  of 
hours  and  is  now  working  with  a  very 
hard  water  containing  about  0.35 
gramme  of  salts  to  the  litre  (25 i  grains 
to  the  gallon),  so  that  the  surface  of 
the  combnstion-chamber  and  the  ace 
of  the  piston  have  become  thickly 
encrusted  with  salts.  Yet  no  trouble 
whatever  has  arisen,  because  no  water 
has  been  allowed  to  fall  on  the  sliding 
surfaces.  The  absence  of  pre-ignition 
under  such  conditions  is  also  noteworthy 
and  shows  the  efficiency  of  this  method 
of  cooling. 

Trials  of  50-B.H.P.  Engine. 
Description  oj  lini^itii-  and  Injection, 
Apparatus.  In  order  to  put  these  ideas 
to  a  practical  test,  a  Crossley  engine, 
II J  inches  diameter  by  21  inches  stroke 
rated  at  40  B.H.P.  (with  coal  j^as)  at  iSo 
revolutions  per  minute,  was  tit  ted  with 
a  new  cylinder  consisting  of  a  plain 
barrel  without  any  water-jacket.  The 
valve  motions  were  retained,  and  the 
valves  and  the  shape  of  the  combustion- 
chamber  were  the  same,  t\v  only 
change  being  the  removal  of  all  external 
water-cooling.  It  was  therefore  possi- 
ble to  make  an  accurate  comparison 
between  the  performance  of  the  engine 
with  the  new  system  of  cooling,  and  the 
results  of  the  measurements  of  fuel 
economy  and  the  temperatures  of  the 
piston  and  other  parts  of  the  engine 
which  had  been  made  by  the  author 
on  the  same  engine  when  jacketed. 
The  compression  ratio  in  the  engine  is 


6.37,  giving  a  compression  pressure  of 
about  175  lb.  per  square  inch  abs.  This 
is  higher  than  is  usual,  and  proved, 
when  the  engine  was  jacketed,  to  be 
too  high  for  ordinary  practical  working. 
The  successful  working  of  the  new 
cylinder,  therefore,  constitutes  a  satis- 
factorv  proof  of  the  freedom  from  pre- 
ignition  which  is  characteristic  of  cooling 
by  water  injection. 

.\  section  of  the  new  cylinder  with 
water-injection  rose  is  shown  in  Fig.  i. 
The  injection-rose  is  a  hollow  casting, 
projecting  into  the  combustion-cham- 
Der.  There  are  about  twenty-five  holes 
in  the  rose,  each  A  inch  in  diameter, 
and  the  jets  proceeding  from  these  are 
directed  as  shown  against  all  parts  of 
the  combustion-chamber  and  piston- 
head.  There  is  no  jet  on  to  the  exhaust- 
valve,  as  it  has  been  found  that  the  drip 
from  the  rose  is  sufficient  to  keep  this 
cool.  The  water  is  injected  by  a  simple 
plunger  pump  of  the  same  kind  as  that 
used  for  the  injection  of  fuel  in  Messrs. 
Homsby's  oil-engines.  It  is  driven  by 
a  cam  on  the  valve-shaft,  whereby  a 
charge  of  water  is  injected  once  in  a 
cycle.  The  pump-stroke  commences 
about  30''  before  and  finishes  about  30" 
after  the  point  of  ignition,  so  that  water 
only  goes  m  at  a  time  when  practically 
the  whole  of  the  sliding  surface  of  the 
barrel  is  covered  by  the  piston. 

Fttel  Economy  and  Consumption  of 
Water. — Immediately  after  erection 
with  the  new  cylinder,  the  engine  was 
nm  continuously  for  120  hours  on  an 
electrical  load  vdth  coal-gas.  Con- 
tinuous observation  was  kept  of  the 
gas  consumption  and  of  the  load.  The 
engine  developed  during  this  period 
43  B.H.P.  on  the  average,  and  ran 
very  smoothly  and  steadily.  The 
average  mean  effective  pressure  was 
loi  lb.  per  square  inch.  When  jacketed, 
the  engine  would  not  develop  more 
than  40  B.H.P.  continuously  without 
overheating,  and  mixtures  giving;  a 
mean  pressure  of  more  than  100  lb. 
per  square  inch  produced  excessive 
maximum  pressures  (over  300  lb.)  with 
violent  thumping  explosions.  The 
reduction  in  maximum  {iressure,  under 
these  circiunstances,  by  water  injection 
is  over  100  lb.  per  square  inch,  and  the 
effect  is  very  marked,  the  explosion 
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becoming  almost  inaudible.  Tliis 
effect  of  the  j)resence  <»f  steam  in  the 
explosive  cliarge  is,  of  course,  well 
known,  hut  the  quantity  of  steam 
formed  in  an  engine  cooled  in  this 
manner  is  so  large  that  it  constitutes 
a  substantial  advantage  of  the  method. 
It  will  bo  ndticod  that  the  formation 
of  the  steam  does  not  involve  any 
thermodynamic  loss,  such  as  occurs 
when  wntiT  is  sprayed  into  the  cyHnder 
in  an  atomised  condition  and  evapor- 
ated before  reaching  the  walls,  since 
the  heat  used  is  that  which  would 


was  stopped  at  the  end  of  the  trial  the 
inside  of  the  conib\isti«>n-ch.unl>T  was 
found  to  be  perfectly  dry.  \N  hen  the 
engine  was  jacketed  and  giving  the 
•-anu-  power  for  short  periods  the 
jacket  water  removed  about  67,000 
B.Th.U.  per  hour,  which  would  be 
sufficient  to  evaporate  108  lb.  of  water 
at  a  temperature  of  20°  C.  under 
atmospheric  pressures.  The  agreement 
between  the  available  heat  and  the 
amount  of  water  evaporated  is  satis- 
factory, sodi  differeiMre  as  there  is 
being  accounted  for  partly  by  greater 


{x'nter  .Mtf^tty 
I  from  ^i/t^>) 


To  l\bttr  SjitjHMit  tpenJtaA 
try  hand  or  aMtonuMlitmli^ 


ne.  t. — ncnoN  or  cvuhdm 

Otherwise  be  wasted  in  the  jacket* 
water. 

The  quantity  of  water  used  on  this 

trial  was  un  tlie  avera^^e  102  lb.  per 
hour,  equivalent  to  2.4  lb.  per  B.H.P. 
hour.  The  temperature  of  the  engine 
varied  from  150  to  180°  C.  No  water 
was  visible  on  the  piston  or  the  spindles 
of  the  valves,  and  when  the  engine 


win  WAnR-iNjicnoM  rosk. 

radiation  loss  consequent  on  the 
higher  temjx;rature  of  the  engine,  and 
partly  by  the  reduction  in  flame  tem- 
ixrature  produced  by  the  steam,  whii  h 
somewhat  reduces  the  total  amount 
of  heat  passing  into  the  walls. 

The  engine  consumed  in  this  trial 
15  cubic  feet  of  Cambridge  coal-gas 
|)er  B.H.P.  hour  reckoned  at  atmos- 
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pheric  temperature  and  pressure.  This 
is  approximately  the  same  as  it  burnt 
when  developing  the  same  power  for 
short  perio<ls  when  jacketed.  Tests 
at  other  loads  have  shown  that  with  a 
weak  mixture  the  gas  consumption  is 
slightly  increased  by  the  water-injoc- 
tion,  but  with  very  strong  mixtures 
it  is  a  trifle  less.  The  difference, 
however,  does  not  exceed  fi\e  per 
cent,  either  way,  and  on  the  average 
it  may  be  saidf  that  the  economy  is 
unaffected  by  the  use  of  this  method 
of  cooUng.  Indicator  diagrams  taken 
in  this  long  trial  are  shown  in  Fig.  2, 
.md  a  c()mj)aris()n  of  these  with  similar 
diagrams  taken  from  tlic  jacketed 
engine  shows  that  the  reduction  in 
maximum  pressure  is  counterbalanced 

Coal-gas. 

Mean  effective 
pressure  107  lb. 
per  sq.  in. 

i,S()  K.P.M.  48 
J.H.P. 


jacketed.  Since  then  the  engine  has 
been  brought  to  Cambridge,  and  is  now 
engaged  in  regular  service  with  a 
suction-producer  driving  the  work- 
shops and  producing  electric  current 
for  the  engineering  laboratory.  It  is 
left  to  itself  like  an  ordinary  gas- 
engine,  giving  no  trouble  at  all,  and 
has  now  been  in  regular  work  for  two 
years,  the  t<nal  time  of  nmning  being 
5,000  hours. 

Anthracite  coal  is  used  in  the  pro- 
ducer, and  this  coal  contains  a  con- 
siderable proportion  of  sulphur.  Yet 
there  has  been  no  trace  of  corrosion 
in  the  engine.  That  the  corrosion 
would  be  rapid  if  liquid  water  were 
allowed  to  accumulate  is  shown  by  the 
experience  with  the  nozsles  in  the 

Coal-gas. 
Mean  effective 
pressure  98  lb.  per 
sq.  in. 

180  K.P.M.  4i 
B.H.P. 


no.  a.— IMDICAtOK  MAeMMS  now  JACRKTWM  BWQIIIB  riTTBD  WITH  WATBB-IMJlCnOII. 


by  a  slightly  raised  expansion  line. 
The  pressure  is  better  sustained,  partly 
by  the  formation  of  the  steam  and 
partly  by  the  reduced  loss  of  heat, 
with  the  result  that  the  diagram  IS 
"  fatter  "  and  less  '  peaky." 

RdittbUHy  and  Wear  under  ordinary 
Workini;  Conditions.-  .\fter  the  trial 
just  described,  the  engine  was  put  to 
drive  a  dynamo  in  a  factory  engine- 
room.  Its  speed  was  increased  from 
180  to  195  revolutions  per  minute. 
It  was  left  in  the  hands  of  the  ordinary 
engine^min  staff  for  several  weeks ; 
and  was  worked  continuously  for  long 
periods  of  time  at  excessive  loads. 
During  this  time  it  developed  at  times 
50  B.H.P.  with  eoal-qas  for  several 
hoturs  together — an  increase  of  25  per 
cent,  on  the  maximum  continuous 
load  which  it  could  safely  carry  when 


injection-rose.   These  nozzles  are,  of 

course,  continually  in  contact  with 
water,  and  were  at  hrst  found  to  corrode 
away  rapidly.  After  many  trials  a 
suitable  material  has  been  found  which 
lasts  very  well.  Some  corrosion  has 
been  observed  at  the  bends  of  the 
e\h;ni>t  j)ipe  wliere  the  gases  impinge 
on  the  metal,  and  corrosion  in  the 
exhaust-pipe  is  alto  liable  to  occur  at 
any  place  wticre  water  can  accumidate. 
This,  however,  is  not  serious  or  rapid, 
and  such  as  it  can  easily  be  avoided 
by  suitably  arranging  the  pipe.  Except 
at  these  points,  no  corrosion  has  been 
observed  anywhere,  and  the  experience 
of  this  engine  has  completely  proved 
that  the  necessary  and  suflieient  con- 
dition for  the  preventif)n  of  corrosion 
is  that  the  engine  should  be  kept  so 
hot  that  all  the  water  is  boiled. 
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The  cylinder  was  at  first  lubricated 
with  a  thick  oil,  such  as  is  used  with 

superheated  steam  in  steam-engines. 
A  gallon  of  this  oil,  costing  js.  jd., 
lasts  for  i6o  hours,  equivalent  to 
about  one  farthing  per  hour.  or.  say, 
o.ooOd.  per  B.H.P.  hour.  The  lubrica- 
tion was  entirely  satisfactory.  During 
the  past  year  "  Super  Ma/.(K)t  "  oil 
supphed  by  the  Henry  Wells  Oil  Com- 
pany has  been  used.  This  oil  is  much 
cheaper,  but  it  is  not  quite  so  i  lt  ati. 
The  balance  of  advantage  remains 
with  it.  however,  and  its  use  is  being 
continued.  Accurate  measurements  of 
the  cylinder  and  piston  have  been 
made,  with  the  following  results : — 
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It  is  quite  certain  that  the  combinetl 
wear  (on  cylinder  and  piston  together) 
in  the  course  of  j.oott  hours  has  nowhere 
exceeded  one  hundredth  of  an  inch. 
Over  the  greater  part  of  the  surfaces 
it  is  much  less,  and  in  many  places  the 
tool-marks  are  still  visible. 

Regulation  of  Water-Supply. — The 
ordinary  working  temperature'  of  the 
cylinder  is  about  160 C,  hut  thi-  engine 
will  run  satisfactorily  at  any  temjxra- 
ture  between  120°  C.  and  200*  C. 
In  order  to  keep  the  temperature  be- 
tween these  limits,  some  regulation  ot 
the  water-supply  in  accordance  with 
the  load  is  necessary.  In  the  engine 
under  consideration,  which  governs 
by  hit  and  miss,  this  regulation  is 
effected  by  coupling  the  i)nm])  to  the 
governor  so  that  the  pump  only  takes 
a  stroke  when  the  engine  takes  gas. 
This  methoil  "f  n  gulation  gives  rather 
too  much  water  at  very  low  loads,  but 
is  satisfactory  between  the  limits 
one-third  and  full  load.  With  a 
throttle  governor  it  is  easy  to  C(jnnect 
the  gas-supply  and  the  watcr-.supply 
in  such  a  way  that  the  cf)rrect  amount 
of  water  is  delivered  at  all  loads. 


W  hen  starting  the  engnie  cold,  the 
adjustment  just  described  gives  too 
much  water,  and  some  of  the  water 
must  be  by-passed  until  the  engine  is 
wanned  up.  This  may  be  done  by 
hand,  for  which  purjx)sc  a  small  screw- 
down  by-pass  valve,  admitting  of  fine 
adjustment,  is  provided.  In  lai^ 
engines  there  is  no  reason  why  hand 
adjustment  should  not  be  used  during 
warming  up,  since  there  must  be  some 
one  attending  to  the  engine  during  this 
period.  In  smaller  engines,  however. 
It  is  important  to  make  the  whole  thing 
automatic.  For  this  purpose  a  simple 
form  of  thermostat  has  been  designed, 
which  opens  the  by-pass  valve  if  the 
temperature  falls  t(M)  low.  The  ilr-iL;n 
of  a  thermostat  which  eouKl  be  rehecl 
upon  proveil  to  be  ditticult,  but  the 
dithculties  have  now  been  overcome, 
and  a  very  simple  and  cheap  form  has 
been  devised.  It  has  been  in  use  for 
some  months,  and  is  quite  satisfactory. 
Once  adjusted,  it  need  never  be  touched 
and  the  engine  can  be  started  up  in 
the  morning  day  after  day,  and  left 
to  itself,  no  attention  whatever  Ix'ing 
paid  to  the  water-supply.  Tliis  ther- 
mostat, though  especially  vahiable  for 
small  engines  when  it  is  dc-ind  to 
reduce  the  attendance  to  a  muiimum, 
will  be  of  use  also  lor  larger  sizes,  since 
it  deals  automatically  With  changes  in 
the  quality  of  the  gas. 

Safety  Pitti;. — It  is  one  of  the  ad- 
vantages of  tiiis  method  of  cooling  that 
failure  of  the  water-supply  such  as 
may  occasionally  occur  owing  to  the 
pomp-valve  sticking — entails  nothing 
worse  than  a  temporary  shut-down, 
if  the  water-coohng  of  the  piston  in  a 
large  gas-engine  is  stopped  for  a  few 
minutes  the  engine  i-^  very  likely  to 
be  wrecked  by  the  seizing  of  the 
expanding  piston  in  the  cold  cylinder. 
But  if  the  engine  is  cooled  by  injection, 
nothing  of  the  kind  can  occur  because 
the  various  parts  of  the  engine  all 
heat  up  together.  If  the  water-supply 
be  shut  off,  the  engine  heats  up  quite 
slowly,  and  if  unattended  it  stops  by 
the  fu-eurrence  of  pre-ignltions  arising 
usually  from  the  injection-rose.  Even 
in  a  36-inch  cyliiuler  it  has  lx>en  found 
that  no  serious  harm  is  done  by  such 
an  event. 
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In  order  to  minimise  tlie  incon- 
venience, and  to  guard  against  any 
danger,  arising  from  failure  of  tM 
water-supply,  however,  the  engine  is 
provided  with  a  fusible  plug,  screwed 
into  the  wall  of  the  combustion- 
chamber.  Should  the  temperature  rise 
above  about  200"  C. — quite  a  safe  work- 
ing temperature — the  plug  melts  and 
the  noisr  of  the  e^^capinj^  past's  warns 
the  attendant.  This  simple  device 
has  been  thoroughly  tested  and  has 
IxH'n  found  absolutely  n-liablf.  If, 
with  the  engine  running  at  full  load, 
the  water  be  shut  off  completely,  the 
engine  hfats  up  rniit(>  slowly,  takin},' 
erliape  ten  minutes  or  a  quarter  of  an 
our  to  reach  the  point  at  which  the 
plug  goes.  There  is  thus  ample  tinn', 
before  the  engine  becomes  dangerously 
overheated,  to  reduce  the  load  (if 
necessary)  and  to  attend  to  any  small 
defect  such  as  a  stuck  valve  or  blocked 
pipi-.  A  screw-down  valve  is  provided 
tor  closing  the  h<jle  made  by  tne  fusion 
of  the  pluf,',  so  that  it  is  not  necessary 
to  stop  the  engine  fur  its  replacement 
until  a  convenient  time. 

Trials  of  Large  fM^'i'/ffs.  I"rom  the 
nature  of  this  method  of  cooling  it 
seemed  almost  certain  that  its  effective- 
ness would  be  iiuleixnident  of  the  size 
of  the  engine.  Each  square  foot  of 
metal  receives  a  certain  amount  of 
heat  from  the  gas,  and  it  is  only 
necessary  to  deliver  to  that  square  foot 
as  much  water  as  will  be  evaporated 
by  the  heal  which  it  receives.  The 
heat  received  per  unit  area  is  greater 
in  a  large  engine  than  in  a  small  one. 
but  it  did  not  seem  probable  that 
this  would  materially  aifect  the  matter. 
The  truth  of  this  anticipation  has  been 
proved  by  applying  the  method  to  the 
cooling  of  larger  engines — one  an  enfjine 
of  i8|  inches  bore  giving  105  b.h.p., 
the  other  a  1,000  h  p.  Oechelhauser 
engine  of  56  inches  bore.  To  the 
makers  and  owners  of  these  engines — 
the  National  Gas-Engine  Co.  and 
Messrs.  W.  Beardinore  and  Co. — the 
author  is  much  indebted  for  the 
focilities  given.  In  each  case  the 
water  was  simply  run  out  of  the  jackets, 
the  injection-rose  fitted,  and  the 
en^ne  put  again  to  its  ordinary  work, 
which  was  that  of  supplying  electric 


power  to  the  factor^'.  The  trial  of 
the  large  Occhclhauser  engine  is  per- 
haps the  more  interesting.  Three 
injection-roses  were  at  first  used, 
spaced  equally  round  the  combustion- 
chamber  and  mid-way  between  the 
pistons.  There  were  forty-five  jets, 
each  i-i()th  inch  diameter,  arranged 
to  deliver  watt  r  all  over  the  piston- 
heads  and  the  surface  of  the  combus- 
tion-chamber. The  pump  was  driven 
by  an  eccentric  on  the  side-shaft  and 
was  fitted  with  a  valve  which  confined 
the  delivery  of  water  to  the  period  45' 
before  and  45"  after  the  in-centre,  the 
rest  of  the  pump  stroke  being  by- 
passed. There  were  two  thermo- 
couples in  each  piston-head  and  a 
number  of  thermometer>  in  dilTereiit 
parts  of  the  barrel ;  and  the  tempera- 
tures were  controlled  by  adjusting,  by 
means  of  throttle-valves,  the  flow 
of  water  to  the  different  roses.  With 
no  water  in  the  jackets  or  pistons,  the 
temperature  of  every  part  of  the 
engine  when  on  full  load  could  Ix; 
kept  between  ioo°  and  200  C.  The 
engine  was  taking  full  load  within  a 
few  hours  of  fitting  the  apparatus,  and 
ran  for  30  hours  without  a  stop.  After 
stopping  for  a  short  time  for  adjust- 
ments it  ran  continuously  for  70  hours 
under  the  same  conditions,  taking 
the  ordinary  factory  working-load, 
which  would  fluctuate  about  an  average 
of  tSoo  b.h.p.  Failure  of  the  water- 
supply,  which  occurred  once  or  twice 
in  consetpience  of  the  teinj)orary 
nature  of  the  pump  gear,  did  no  harm 
beyond  causing  some  pre-ignitions 
from  the  roses  and  necessitating  a 
reduction  of  load  for  a  short  tilne.  In 
fact,  the  engine  heats  up  so  slowly 
and  uniformly  that  there  is  ample  time 
to  deal  with  such  a  failure  before  any- 
thing serious  happens.  The  quantity 
»i  Air  used  was  about  2.4  lb.  per 
b.li.p.-hour,  and  it  is  interesting  to 
note  that  this  quantity  seems  almost 
independent  of  the  size  of  the  engine. 
This  is  in  accordance  with  the  recent 
developments  of  gas-engine  theory, 
accordmg  to  which  the  heat  loss  from 
flame,  being  largely  due  to  radiation, 
mcreases  greatly  with  the  depth  of 
the  flame,  so  that  the  heat-flow  per 
square  foot  into  the  metal  of  a  large 
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enginu  is  biggur  tiiau  lu  a  muail  engine, 
thuugh  the  Mine  temperature  may  be 

the  same. 

The  trials  of  this  iarge  engine,  which 
continued  for  a  considerable  time, 

proved  beyond  any  question  that  tlie 
largest  cyhnders  now  built  can  be 
co(Med  entirely  by  water-uijection,  if 
applied  in  accordance  with  the  princi- 
ples here  enunciated.  They  also 
showed,  however,  as  might  be  ex- 
pected, that  for  ordinary  commercial 
use  the  cylinder  must  be  properly 
designed  with  a  view  to  the  employ- 
ment of  this  method  of  cooling.  Hu 
most  obvious  point  is  that  the  cylnulLr 
must  be  a  plain  barrel  without  any 
jacket.  In  the  Oechelhauser  engine 
the  jacket  could  only  bo  removed, 
and  the  liner  exposed,  just  round  the 
combustion  space.  The  rest  of  the 
barrel  was  surroimded  by  the  jacket 
which  not  only  made  access  difficult 
for  the  measurement  of  temperature, 
etc.,  but  also  (the  water  space  being,  of 
course,  hlled  with  air)  formed  a  most 
efficient  heat  insulator,  thus  greatly 
foinpliiatini;  the  pntlilem  of  cooMng. 
Some  trouble  was  experienced  because 
of  this,  in  controlhng  properly  the 
temperature  of  the  t  xhanst  ix)rts  and 
of  the  cylinder  near  them.  I'urther, 
a  good  deal  of  hand  regulation  of  the 
water  was  retjuired,  as  the  means  of 
automatic  regulation  which  have  since 
been  perfected  were  not  available  at 
that  time.  In  fact,  tin  <  xperiment  of 
running  a  1,000  h  p.  jackL-ted  cylinder 
without  any  water  in  the  jackets  was 
rather  in  the  nature  of  a  tour  de  force, 
and  did  not  prove  to  be  tin-  Inst  way 
of  developing  the  idea  coniniercially 
and  in  detail.  It  was,  however,  an 
interesting  and  striking  experiment, 
which  showed  in  a  most  convincing 
way  the  great  capacity  of  the  method 
of  internal  injection.  TIic  whole  in- 
jection apparatus  was  made  and  put 
together  in  Cambridge ;  it  cost  about 
£20,  and'*within  a  few  hours  of  fitting 


it  on  tlie  engine  it  was  doing  all  the 
work  of  the  complicated  and  costly 

plant  cooling  tower,  centrifugal 
pumps,  8-inch  water  mains,  and  the 
like — which  is  necessary  for  the  cooling 

service  of  an  engine  of  this  size  when 
jacketed.  The  author  takes  this 
opportunity  of  expressing  his  thanks 
to  the  engineers  ot  Me--srs.  He.inhiiore 
and  Co.,  and  particularly  to  Mr.  Stokes, 
the  head  of  their  gas-engine  depart- 
ment, for  their  unfailing  courtesy  and 
kindness  to  him  during  these  trials, 
which  occurred  at  a  time  of  great 
pressure  of  WOrk  in  the  factory,  and 
niu^t  have  added  materially  to 
the  burdens  of  the  power-station 
staff. 

The  ditliculties  incident  to  carr>'ing 
out  experiments  on  an  engine  which 
is  in  regular  use  for  power  supply  and 
cannot  be  shut  down  wlien  recjuire*! 
for  adjustment  and  alteration,  deter- 
mined the  author,  with  Messrs.  Beard- 
niore's  consent,  to  abandon  for  the 
time  tlie  experiments  in  Glasgow,  and 
to  build  an  oitirely  new  engine  designed 
ab  initio  with  a  view  to  the  use  of 
water-injection ;  and  such  as  might, 
with  but  small  modification,  be  init 
on  the  market.  Arran,i;(  nients  with 
this  object  were  made  with  Messrs. 
Davey,  Paxman  and  Co.  The  new 
engine,  which  is  completed  and  is  now 
undergoing  trials,  embodies  all  the 
experience  gained  in  the  experiments 
which  have  been  described.  It  is  a 
2-cycle,  single-acting  engine,  i!S  inches 
diameter  by  ^4  inches  stroke,  with 
separate  gas-  and  air-pumps,  and  is 
cooled  entirel\"  by  water-inje(  tion. 

The  author  wishes  to  acknowleilge 
the  valuable  services  of  his  assistant, 
Mr.  A.  L.  Bird,  in  connection  with  the 
experiments  referred  to  in  this  paper. 
In  addition  to  supervising  the  trials 
of  engines,  Mr.  Bird  has  done  most 
of  the  work  of  detailed  design,  and 
several  novel  features  in  the  new  engine 
are  largely  due  to  him. 
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SOME  INDUSTRIAL  USES  OF  TOWN'S  GAS 

A  REVIEW  OF  GAS  FURNACE  WORK  AND  PRACTICE  IN 
THE  STEEL  INDUSTRIES  OF  SHEFFIELD 

Br  Aite  lind 


THE  employment  of  town's  gas  for 
industrial  heating  is  becoming 
iiuir, (singly  more  emphasised, 
and  where  this  is  suppht-d  at  thf  \n\cv 
which  prevails  in  Shetheld  in  whicii 
city  the  nunimuin  cliargc  is  lod.,  and 
tlie  maximum  is.  3d.  jXT  1,000  cubic 
ft.  (a  consumer  of  lu  milhou  cubic  ft. 
])er  annum,  which  is  not  uncommon  in 
Slu'fticUl.  pays  an  average  price  of 
ii.jyd.  JH-T  1,000  cubic  ft.)  it  will  be 
realised  tliat  the  day  is  not  far  distant 
when  this  method  of  heat  production 
will  outrival  all  others,  for  it  is  undis- 
puted that  cleanliness,  absence  of  smoke 
and  dirt.  ra])idity  and  even  heating  as 
well  as  nicety  of  heat  regulation  are  all 
factors  which  recommend  the  use  of  gas 
furnaces  in  preference  to  those  heated 
by  solid  fuel.  When  therefore  the 
price  of  gas  is  such  that  it  can  compete 
m  actual  fuel  costs  with  solid  fuel,  tlie 
only  t)bstacles  in  the  way  of  advance- 
ment are  prejudice  and  if^norance  of 
the  advantages  to  he  obtamed,and  in 
Sheffield  an  effort  lias  been  made  to 
overcome  such  prejudice  by  educating 
consumers  in  trie  use  of  gas  for  the 
various  heating  processes  tfi  which 
Steel  and  steel  goods  are  subjected. 

The  Sheffield  United  Gas  Light 
Company  have  for  many  years  recog- 
nisea  the  importance  of  developmg  the 
industriaJ  uses  of  gas  and  they  have 
been  afcustonied  to  advise  consumers 
as  to  the  construction  of  furnaces  and 
burners.  It  was  felt,  however,  that 
something  more  than  this  was  required 
and,  as  an  outcome,  a  small  furnace 
experimental  workshop  was  fitted  up  in 
1900  when  manufacturers  in  the  town 
were  invited  by  circulars  and  ix?rs(mal 
visits  to  ins]Hct  the  furnaces  and  to 
bring  their  ])ractical  men,  along  with 
their  materials,  to  make  actual  trials 


in  properly  constructed  ai)})aratus. 
These  efforts  met  with  so  favourable 
a  reception  that  it  was  soon  found 
necessary  to  remove  into  much  larger 
quarters  and  two  years  ago  a  work- 
shop was  cHiuipped  with  20  furnaces 
u|>on  a  i)ractical  scale.  In  addition,  a 
power  hammer  for  forging  purposes 
was  put  down,  sperm  oil,  brine  and 
water  tank^  for  (nienchin;;  when  harden- 
ing were  supplied,  as  well  as  lifting  and 
carrying  tackle  for  heavy  goods,  and  a 
,1,'as  compressor.  The  gas  su])i)ly  is 
obtained  from  a  driving  main  at  about 
10  ins.  pressure,  and  tliis  is  governed 
down  at  the  inlit  of  the  meter  to  any 
desired  pressure,  usually  2  ins.  fur 
ordinary  low  pressure  work.  The  meter 
is  constructed  to  pass  j.ooo  cubic  ft.  of 
gas  per  hour,  and  the  furnaces  arc  all 
connected  up  so  that  the  gas  consump* 
tion  of  each  can  be  accurately  measured. 
Air  blast  ])i]H  s  with  the  pressure.under 
control  and  adjustment  up  to  2^  lbs. 
are  also  fitted  capable  of  delivering; 
50,000  cubic  ft.  ])er  hour.  The  high 
pressure  gas  supply  from  the  com- 
pressor is  also  capable  of  adjustment  of 
jiressurc  up  to  about  5  lbs.,  and  is 
registered  by  the  meter  as  low  pressure 
gas,  compression  being  effected  after 
registration.  Pressiire  i,'aui,'es,  ]>yro- 
meters  and  thermometers  complete  the 
equipment,  which  is  sufficient  to  obtain 
and  ohserxe  any  desired  conditions. 
Th(  Ininaces  htted  have  been  made 
expi  <  -  ;y  for  use  in  the  Sheffield  trades 
and  are  the  outcome  of  a  careful  study 
of  the  particular  needs  of  the  manu- 
facturers, it  being  found  at  an  early 
stage  of  developments,  that  there  were 
very  few  slock  jKitterns  which  exactly 
met  re<iuirements.  A  view  of  the 
worksho])  is  shown  in  Fig.  i. 
In  addition  to  experimental  plant  for 


Digitized  by  Google 


l82 


CASSIER'S  ENGINEERING  MONTHLY 


1 1.  Jy^^  ''"^^Sir^i^ 


riG.    I,  — SIIEfFIELD  VMItD  CAS  LICHI  COUfANV'S  KXrEKIMtM  TaL  W'OHK!»UOI'. 

use  in  other  trades  in  the  town,  the  which    can    attain    the  tem]K'raturc 

foHowing  apparati  have  been  installed  necessary  to  carry  out  the  hardening  of 

for  dealing  with  the  heat  treatments  of  liigh  s]H^cd  steel  and  the  otlu>r,  that  for 

steel.    Four  forginj;  furnaces  of  graded  carbon  steel  for  which  process  they 

sizes  ;  three  annealing  furnaces,  two  of  are  fre(|nently  used  ;  lead  and  salt  baths 
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fe'iving  trniiKTatures  iij)  to  850  C.  used 
fur  hardening  hies,  juincrs'  tuuls,  etc.  : 
oil  bath  for  tempering ;  two  tempering 
plates  ;  low  temperature  (j5o"-40oT). 
lead  bath  softening  furnaces  and  four 
crucible  furnaces  for  melting  small 
cliar/,'es  of  metal  or  alloys  and  for  use  in 
hardening  high  sjHcd  twist  drills  and 
cutters ;  also  a  higli  temperature  oven 
furnace,  giving  a  ma.vimum  of  i,3ooT. 
which  is  ero{doyed  for  hardening  liigh 
speed  steel  as  well  as  for  certain  classes 
of  forginiL;  and  drop  forging.  A  descrij)- 
tion  of  the  above  mentioned  furnaces, 
the  methods  of  working  them  and  their 
uses  will  give  an  insight  into  the 
adaptability  of  gas  as  a  fuel. 


interior  dimensions  4^  ins.  back  to 
front  by  9  ins.  wide  by  4^  ins.  higii, 
fitted  with  one  f  in.  burner  m  the  top. 
This  is  larf.rely  employed  for  the  f()r;;ing 
of  standard  si;^'s  of  hies  (say  10  ins. 
to  14  ins.)  The  working  consumption 
of  gas  for  this  purpose  averages  some- 
what under  75  cubic  ft.  per  hour  wliich 
at  the  Sheffield  price  of  gas  costs 
appro.\im;it(  Iv  one  ])enny.  As  ovt  r  one- 
file  per  minute  can  be  forged  in  this 
way  the  fuel  cost  per  dozen  is  seen  to  be 
extremely  small.  An  additional  advan- 
tage is  that  the  proportion  of  "  wasters  " 
is  considerably  diminished  if  not  en- 
tirely eliminated.  The  service  of  a 
furnace  boy  can  also  be  dispensed  with. 


3/»a/2   Brass  Sif9A. 

jfjr  /n/e/. 
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The  forging  furnaces  (Figs.  2  and  3) 
are  single  chambers  of  cast  iron  and 
mild  steel  plates  lined  with  good  ({uality 
firebricks  in  the  sides  and  bottoms,  a 
tiled  toj)  in  the  .smaller  sizes  and  arched 
bricks  m  the  larger.  Front  and  back 
are  so  constructed  that  the  tiles  can  be 
adjusted  to  make  any  rwiuircd  size  of 
opening.  Gas  is  supplied  at  ordinary 
pressure,  and  air  blast  at  about  i  lb. 
pressure.  These  are  admitted  usually 
through  tlie  top  of  the  furnace  by  one 
or  more  burners  of  sizes  varying  from 
\  in.  iron  pijX'  upwards.  These  burners 
are  of  simple  design  and  can  be  made 
up  by  any  gas  fitter,  all  that  is  required 
being  two  short  lengths  of  ordinary 
gas  piuinij,  one  iron  tee  piece,  cx|ual 
througli  with  reduced  centre  and  a  brass 
male  and  female  tlin  aded  bush  to  take 
the  inner  pipe.  Fig.  4  showsa  |  in.  burner 
in  section.  This  burner  has  been  found 
by  the  writer  to  give  as  good  an  elfici- 
encv'  as  any  of  the  more  c«>m]>licated 
and  expensive  burners  upon  the  market. 
A  popular  size  of  furnace  is  one  having 


-\mongst  the  many  other  uses  hjr  which 
these^  furnaces  are  employed  may  be 
mentioned,  the  forging  of  chisels,  plane 
irons  and  other  joiners'  tools,  forks, 
shovels,  and  numerous  agricultural 
implements,  table  blades  and  various 
(h  I  iptions  of  knives  and  cutlery  also 
for  heating  railway  carriage  sjirings, 
and  the  forging  of  small  crank  shails 
and  motor  parts. 

In  tliis  class  of  furnace,  it  is  of  great 
importance  that  the  following  condi- 
tions should  be  strictly  adhered  to  or  a 
waste  of  heat  will  result.  The  depth  of 
furnace  from  back  to  front  should  not 
be  greater  than  will  suffice  to  allow  of 
the  forging  to  he  heated  to  the  neces- 
sary length,  the  height  of  the  front 
opening  should  be  only  slightly  larger 
than  the  material  to  be  forged  and  just 
Wide  enough  to  allow  of  the  right 
number  of  pieces  to  feed  the  hammer 

man.  It  is  false  economy  tO  WWk 
with  broken  tiles.  The  right  pressure 
of  air  must  be  maintained  and  this 
should  never  be  less  than  |  lb.,  prefer- 
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ably  twice  as  much.  It  follows  therefore 
that  the  blower  must  bo  etjual  to  the 
maximum  demand  upm  it  and  that  the 
jjrcssure  should  be  ])ositive.  A  fan  is 
of  no  use  for  this  work,  a  f^ood  rotary 
blower  givinj^  a  maximum  pressure  of 
5  lbs.  is  to  bo  recommended,  and  this 
should  be  governed  by  a  sjjring  «)r 
weighted  valve  to  give  the  right 
pressure.  It  is  go<»d  })ractice  to  allow 
lor  10  cubic  ft.  of  air  for  every  cubic  ft. 
of  gas  consumed  when  arranging  for  the 
size  of  bhnver.  An  air  receiver  between 
blower  and  furnace  makes  for  steadier 
work  with  the  burners.  It  is  advisable 
to  have  tjuadrant  taps  Cittod  to  both 


A 
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gas  and  air  supi)lies  so  as  to  aid  in  the 
proj)er  regulation  of  the  burners. 
Amongst  lile  manufacturers,  those  using 
gas  furnaces  for  forging  are  in  the 
majority  in  the  town,  several  of  the 
largest  makers  em])l(»ying  gas  exclu- 
sively for  this  purpose,  an(l  for  the'manu- 
facture  of  agricultural  implements  one 
linn  alone  uses  over  18,000.000  cubic 
ft.  of  gas  annually.  A  similar  tyju-  of 
furnace  is  alho  employed  for  heating 
machine  knife  blades,  a  lifting  door 
being  fitted  to^the  front,  and  a  Hue 
at  the  back  j)rovided  when  used  for  such 
purixjses. 

(ias  and  air  blast  furnaces  with  tin- 
combustion  chamber  below  the  lloor 
and  the  latter  ujxtn  a  level  with  the 
opening  which  is  provided  with  a  lifting 
counter- balanced  door  are  in  extensive 


use  for  hardening,  and  these  are  useful 
where  it  is  not  desirable  for  the  steel 
to  come  into  contact  with  the  gas  flame, 
and  where  large  quantities  of  articles  arc 
iH'ing  constantly  removed  and  replaceti 
by  cold  ones,  as  the  rccu]K>rative  power 
of  such  furnaces  is  very  great.  Crucible 
furnaces  heated  by  the  same  method 
are  often  used  for  hardening  twist  drills, 
the  crucible  being  removed  and  the 
heat  obtained  from  the  vertical  cylin- 
drical wall,  the  burner  entering  the 
Iwttom  horizontally  at  a  tangent  to 
the  circumference  of  the  cylinder. 
Very  oven  heating  of  the  wall  of  the 
furnace   is   thus   obtained,   the  drill 
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being  suspended  vertically  in  the  centre. 
This  method  of  heating  u])  does  away 
with  any  tendency  to  warjnng  on  the 
]);ut  of  the  drill  and  the  cutting  edge 
i^  maintained  in  good  condition. 

( Oming  now  to  furnaces  worked  by 
gas  at  ordinary  ])ressures  with  the  aid 
of  natural  air  draught  only,  these  are 
mainly  used  in  Slu-ftield  for  annealing 
w«>rk  and  this  procc-ss  has  been  rendered 
commercially  ]>ossible  by  the  following 
improvements  upon  ])reviously  made 
designs  of  gas  heated  natural  draught 
oven  furnaces.  The  lirst  improved 
type  is  ])artly  regenerative  in  action. 
It  is  strongly  constructed  of  cast  iron 
and  mild  ^leel  plates  and  wrought  iron, 
so  init  tngrther  that  the  furnace  can 
be  relined  throughout  by  merely 
nmoving  the  top  ]>late.  It  can  be 
constructed  in  anv  size  and  absolutely 
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oven  lioatiriR  all  over  can  be  relied 
U]X)n.  The  bottom  of  tin*  furnace  is 
closed  in  with  the  exception  of  an 
ojieninR  runninj*  through  the  centre 
from  fn»nt  to  back  in  \vhich  annular 
burners  of  a  special  design  are  fitted, 
these  being  placed  at  <)  ins.  distance 
from  their  centres.  Inside  the  annular 
ring  of  each  burner  is  placed  a  fireclay 
cylinder  with  channels  to  admit 
secondary  air  recpiired  to  complete 
combustion,  which  in  its  passage  takes 
up  heat  from  the  cylinder.  The 
burners  are  supported  from  a  cast 
iron  floor  about  (>  ins.  below  the 
furnace  bottom,  which  is  enclosed 
upon  three  sides.  The  floor  of  tlie 
furnace  is  made  up  of  one  or  more  tiles 
from  i\  ins.  to  2  ins.  in  thickness, 
througli  which  a  large  proportion  of 
the  heat  from  the  burners  is  diffused, 
the  remainder  travelling  up  the  side 
walls  of  the  furnace  through  openings 
between  furnace  floor  and  sides.  The 
flue  pipe  or  pipes  of  comparatively 
short    length    have    been  carefully 


designed  as  to  area,  position  and  size 
of  damj)ers  in  order  to  obtain  an  even 
pull  frf)m  all  ])arts.  it  being  essential 
to  have  such  adjustment  that  only 
the  amoimt  of  draught  necessary  to 
obtain  good  combustion  shall  pass 
through  the  furnace  The  dampers  are 
so  made  that  air  can  be  entirely 
excluded  from  the  interior,  which  is, 
of  course,  a  necessary  condition  in 
Cooling  down,  when  annealing  steel. 
Temjieratures  up  to  ()oo°  C.  can  be 
well  maintained  and  relied  upon  for 
working  with.  A  later  design  {see 
Figs.  5  and  h)  which  has  been  primarily 
constructed  for  steel  annealing  is  fitted 
with  burners  having  funnel  shaped 
nozzles,  which  are  introduced  through 
the  furnace  bottom  as  in  the  other 
ty])e,  but  which  are  entirely  sealed  up. 
admitting  no  secondary  air  from  this 
part.  Primary  air  and  gas  enter 
through  the  nozzles,  the  proportion  of 
the  mixture  being  adjusted  at  the 
mixing  chamber  of  the  burner.  Sup- 
plies of  secondary  air  are  obtained 
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from  adjustable  ports  introduced  in 

botli  siilrs  of  the  Inrnarr,  tlie  jia-^sa^'t's 
being  heated  to  a  fairly  higli  teni])era- 
turc,  so  that  gtwd  rc^neration  is 
efTectcd.  TIm'  roii^-tnutioii  of  thf 
furnace  in  otlier  respects  ii>  similar  to 
that  in  the  one  prrviously  descrihed. 
The  main  n-suhs  achicNcd  b\-  thist- 
nioditicatii>ns  are  that  temperatures 
ap  to  1 .300"  C.  can  be  obtained,  thus 
rendering  ]>i»siblf  all  kinds  of  harden  ini: 
including  that  of  high  speed  steei.also 


of  heating  through  the  furnace  floor 

has  Iwen  done  away  with  in  order  to 
admit  the  eni}>loyMunt  «)f  thicker  and 
stronger  flw)r  tiles,  the  thin  jjorous 
tiles  of  the  other  d'-signs  being  admit- 
tedly their  weakest  feature,  liesides 
this,  it  has  been  found  that  the  time 
taken  to  beat  up  the  furnace  from 
cold  is  considerably  sliortened,  tem- 
peratures are  maintained  at  a  very 
much  rt  d!U  1(1  furl  cnst  and  a  higher 
maximum  temiK-rature  is  obtainable. 


A. 
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perfect  control  of  the  gaseous  conditions 
within  the  furnace  is  ]iossible,  from  a 
higld^'  u.xydising,  to  a  completely 
reducing  atmosphere ;  consequently, 
full  advantage  can  be  taken  of  tlioM' 
chemical  properties  of  the  constituents 
of  town's  gas  which  render  it  peculiarly 
suitable  to  tin-  annealing  of  steel,  of 
any  composition.  I'urther.  the  whole 
of  the  air  inlets  can  be  shut  off  during 
the  ])r(>cess  of  cooling  down  the 
annealed  steel. 

Further  improvement  has  just  now 
I'l  'M  iiiadi  in  a  new  ])ati'ntt  (l  -^ign 
ol  Me>sis.  Kichmonds,  Ltd..  wluth  is 
sliown  in  Fig.  7.  In  this,  the  metliotl 


These  results  are  brought  about  by 
admitting  gas  and  ])rimary  air  through 
l)orts  along  one  side  oi  the  furnace 
and  the  secondary  air  through  heated 
channels  up  to  these.  'The  gas  flames 
ascend  the  side  walls,  cross  tlie  arched 
roof  and  descend  the  opposite  side, 
leaving  through  ports  provided,  into 
the  flue.  The  flames  do  not  con- 
taminate any  articles  being  heated,  a 
pure  radiant  heat  being  given  off 
which  is  even  throughout  from  the 
floor  roof  and  walls.  The  interior 
dimensions  of  the  furnaces  are  the 
same.  viz..  3  ft.  long  by  2  ft.  wide  by 
I  ft.  high  to  crown  of  arch.  Tl>e  tests 
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were  made  with  ovens  empty.  Tlie 
rcvcrberatory  furnace  was  found  to 
maintain  t(;miHTaturcs  of  1,000°  C. 
and  -Soo"^  C.  f«»r  ^'as  consumi)tions  of 
175  cubic  feet  and  135  cubic  feet  per 
hour  respectively.  Fig.  8  is  a  diagram- 
matic curve  showing  tlie  heating  results 
j)btained  in  tlie  three  different  designs 
of  furnaces. 

Another  advantage  obtained  by  usinf, 
a  town's  gas  fired  furnace  is  that  the 
expense  and  trouble  attendant  upon 
the  employment  of  a  main  fiue  and 
liigh  chimney  are  obviated,  no  fluctua 
tion  of  heats  d»ie  to  varying  draughts 
can  tlierefore  occur. 

Although  the  use  of  town's  gas  for 
anneahng  steel  in  any  quantity  is 
of  comparatively  recent  origin,  a 
large  number  of  furnaces  have  already 
been  supplied  for  this  purpose,  the 
capacity  of  the  largest  being  for  six 
tons.  Two  steel  annealing  furnaces 
are  shown  in  Fig.  ().  The  most  common 
size  is  one  having  interior  dimensions. 
13  ft.  0  ins.  by  2  ft.  wide  by  i  ft.  high, 
wliich  is  capable  of  holding  over  two 
tons  of  bar  steel.  Over  40  annealing 
furnaces  have  been  erected  and  are 


now  working  in  Sheffield,  in  many 
instances  these  are  in  duplicate,  so 
that  a  c«»ntinuous  process  of  annealing 
can  be  carried  out  day  by  day.it  being 
worthy  of  note  that  the  time  occupied 
in  charging,  heating,  cooling  and 
unloading  is  only  48  hours,  as  against 
the  minimum  period  of  three  days  for 
a  coal  fired  furnace.  Xo  "  coffins  "  are 
necessary  in  these  furnaces.  The  fol- 
lowing figures  from  an  actual  working 
test  will  show  the  economy  of  the 
pr(Kess. 

Details  of  charge  : — J5  cwts.  best  cru- 
cible cast  steel 
carbcm  %  80  — 
I-45- 

Actual 
C.ft.  Con. 


Average  gas  consump- 
tion per  hour,  first 
3^  hours  . . 

A  vt-rage  gas  consump- 
tion per  hour,  last 
2i  hours  . . 


I  ..S5.S  5.445 


604  1. 3 10 
Total  6.953 


This  works  out  at  3.075  c.ft.  per  ton. 
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Cost  for  gas  at  is.  per  i.ooo  c  ft.  =  4s. 
per  ton.  Tcinp<'raturt'  attained,  770X. 
The  material  was  in  the  form  of  tliick 
round  bars,  which  required  a  good 
deal  of  soaking. 

Molten  lead  and  salt  baths,  able  to 
maintain  800®  C.  as  a  working  tern* 
peratnre,  are  in  cvtensivo  use  and 
tl>ese  arc  mostly  worked  by  low  pressure 
gas  and  natural  air  draught,  and  they 
arr  rtiip!(iy<  (l  in  heatin^^  up  for  Ii.irden- 
ing  hies,  various  small  joiner's  tools, 
and  some  forms  of  cutlery.  The  size 
of  tlic  ])(>ts  in  use  varies  fi<»m  4ins.  to 
12  ins.  diameter,  by  12  ins.  to  30  ins. 
in  depth,  interior  dimensions.  Other 
apparatti^'  wliith  is  in  common  use  for 
industrial  wo>irk  and  which  has  been 
supplied  and  fitted  up  by  the  Gas 
C»)mpany,  includes  tcm]x  liuf;  ])lates, 
oil  hatli-^  for  tomporin^.  Iile  drvini? 
tables  and  ovens, core  drying  cliamUers. 
wire  hardening  furnaces  b\  a  con- 
tinuous process.  ja]).innin,q  and  hlueinf; 
ovens  and  ct)vered  hot-j)lates  use<l  for 
blackening  bolts. 

.■\n  accDunt  of  f,'as  furnace  work  in 
Shetiield  would  not  be  complete  without 
mention  of  a  unique  and  interesting 
furnace,  hnrnins,'  town  pas,  desitjncd 
and  patented  by  Mr.  Alley ne  Reynolds, 
of  Reynold's  Steel  Inventions.  Ltd.. 
for  use  hv  Messrs.  Sandersf)n  Brothers 
&  Newbould,  Ltd..  of  Sheffield  {of 
which  firm  he  is  special  metallurgical 
consultant),  this  being  a  tilting  o])en 
hearth  furnace  holding  about  two  tons 
of  metal  and  is  used  at  present  for 
experimental  work.  The  writer  is 
inaebted  to  the  inventor  for  the  fol- 
lowing particulars  of  this  furnace.  It 
is  provided  with  air  regenerators  of 
very  am]ile  dimensions,  so  that  tlie 
waste  giises  issue  at  a  little  over  200  t". 
A  ]K)werful  draught  (up  to  4  ins. 
water)  is  secured  by  means  of  a  suction 
fan  and  the  air  supply  is  forced  in  by 
means  of  a  fan  also.  In  this  way. 
complete  independence  of  flues,  with 


varyini:  draut^'hts,  is  (jbtaincd  An 
outstanding  feature  of  tiie  turnace  is 
at  once  noticed  when  lighting  up.  A 
clean  bright  combustion  takes  place 
immediately.  Ignitiim  can  bi-  secured 
at  a  minute's  notice  and  with  such 
perfect  safety  that  from  the  com* 
mencement  fretjuent  reversal  can  be 
made.  A  temperature  of  1,760"  C.  in 
the  same  has  oeen  easily  secured  and 
with  a  2  ins.  gas  supjily  at  ordinary 
pressure,  a  flame  8  to  10  ft.  long  is 
easily  obtainable.  The  inventor  con- 
tein])iatt  s  adding  further  improvements, 
including  a  device  for  securing  correct 
ratios  of  air  to  gas  under  all  conditions 
as  w(  II  as  a  method  of  obtaining  com- 
bustion in  stages  so  that  a  less  oxidising 
flame  may  be  secured. 

Although  the  cost  of  the  calorie  is 
higher  f>rr  st\  with  this  ty|M^  of  gas, 
than  with  producer  gas,  the  absence  of 
diluent  nitrogen  in  the  ga-scou--  fud 
enabli-s  ret,'eneration  (whicli  is  a]»plied 
to  the  air  only)  to  be  carried  to  the 
utmost  limit  with  cheap  and  non- 
complicated arraniu'ements  and  com- 
paratively very  small  ground  space  is 
required.  Moreover,  the  advantages 
of  absence  of  inconvenient  coal  stacks, 
attendant  dirt  and  objectionable  gas 
leakages  render  this  form  of  furnace 
very  advantageous  for  some  purposes. 
Where  the  highest  temi>eratures,  such 
as  steel  melting,  are  not  required,  the 
furnace  may  hv  very  rapidly  brought 
to  a  working  tem]H'rature  and  as  gas 
inlets  are  small,  tliey  may  be  multiplied 
in  number  by  branches  from  the  main 
pipe,  so  that  llamts  of  uniform  intensitv 
and  of  indehnitely  great  length  arc 
easily  securable. 

Where  suclia  supply  of  town  gas  is 
obtainable  at  reasonable  rates.it  will  be 
found  well  worth  while  for  manufac* 
turers  to  go  carefully  into  the  question 
and  to  compare  for  themselves  the 
relative  advantages  of  using  producer 
or  town  gas  for  these  purposes. 
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By  Afcbifaaki  Hind 


IT  is  a  significant  fact  that  the 
British  Admiralty  are  spending 
over  one  million  sterling  during 
the  present  financial  year  upon  sub- 
marines out  ot  a  total  provision  of  just 
over  thirteen  millions  for  new  con* 
struction.  The  progress  of  the  ■sub- 
marine, as  an  instrument  for  defensive 
and  offensive  warfare,  has  been  ex- 
ceedingly  rapid  and  it  is  not  \vitht)ut 
significance  that  the  British  naval 
authorities  should  already  have  limited 
their  orders  for  torpedo  boat  destroyers 
and  that  the  construction  of  torpedo 
boats  for  the  British  Navy  has  been 
entirely  discontinued. 

Strictly  speaking  the  British  type  of 
under-waler  boat  is  not  a  submarine, 
but  a  torpedo  boat  of  large  displace- 
ment capaH'' of  moving  on  the  surface 
or  under  the  surface  at  will.  From  the 
ver\'  first  British  naval  opinion  stronqly 
favoured  the  submersible  type  of  craft. 
Even  at  the  time  when  many  French 
constructors  were  busy  evolving  a 
practicaVile  snbmarine  ship,  British 
naval  ofiicers  and  the  constructors  at 
the  Admiralty  foresaw  the  possibility 
of  combining  the  abftv^-water  and 
under-watcr  craft  in  one  type  of  ship, 
thus  offering  a  considerable  economy 
in  money  and  men.  while  at  the  same 
time  adding  to  the  strategical  and 
tactical  strength  of  the  Navy.  These 
anticipations  are  now  being  realised, 
at  least  in  part,  and  exceedingly  useful 
vessels  of  large  size,  carrying  the  gun 
as  well  as  the  torpedo,  and  able  to 
cruise  cither  on  or  under  the  water, 
have  Ix^en  built. 

In  some  quarters  the  development 
of  the  submarine  has  been  regarded 


with su-il)icion  and  doubt— particularly 
the  aim  to  secure  a  craft  for  use  on  or 
below  the  surface.  Many  naval  officers 
and  ship-constructors  still  favour  the 
design  of  a  special  ship  for  each  pur- 
pose of  war.  This  was  the  peculiar 
feature  of  naval  design  during  the 
Victorian  perio<l.  Vessels  were  then 
provided  for  fighting  with  big  guns  or 
witli  light  guns  under  varying  condi- 
tions. The  Navy  had  battleships  of 
the  first  class  for  high  sea  operations, 
battleships  of  the  second  class  which 
could  easily  navigate  the  Suez  Canal, 
and  coast-defence  battleships,  drawing 
very  little  water  and  therefore  able  to 
cruise  inshore,  and  compensating  for 
their  limited  radius  of  action  by  the 
heavy  character  of  their  armament. 
The  fast  named  were  the  type  of  ships- 
specially  favoured  by  the  naval  authori- 
ties of  Germany,  Austria-Hungary  and 
other  powers  wliich  adopted  a  purely 
defensive  policy. 

There  was  also  a  variety  of  cruising 
vesscU;  some  of  them  were  given 
armoured  sides  and  others  had  pro- 
tected decks  and  were  classified  as 
belonging  to  the  first,  serond,  or 
third  class  in  accordance  with  their 
size.  There  were  other  cruisers  which 
carried  no  armour,  besides  sloops,  gun- 
boats, torpedo-gunboats,  torpedo  boats 
varying  in  size  from  12  tons  upwards, 
and  we  even  experimented  with  a 
torpedo-ram.  the  famous  Polvphemus. 
Vox  every  purpose  of  war  it  was  then 
the  fashion  to  design  a  special  ship 
and  many  naval  ofticers  held  in  par- 
ticular that  the  gun  should  be  carried 
in  one  group  of  ships  and  the  torix*do 
installeid  jn   another  group.  The 
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American  Navy  Department  some 
years  ago  went  so  far  as  to  abandon 
the  fitting  of  torpedo  tubos  in  battle- 
ships, determining  to  rely  entirely 
upon  the  gun  only  in  big  vessels,  leav- 
ing the  other  arm  entirely  to  small, 
specially  designed  c  raft. 

Very  gradually,  but  very  surely,  one 
after  another  of  the  various  types  of 
special  ships  in  the  British  Navy  have 
disappeared.  Only  first-class  battle- 
ships are  now  bein^  built  for  tlsc 
British  Na\y  and  even  the  battle- 
cruiser — the  offspring  of  the  armoured 
cruiser  of  the  latter  years  nf  the  nine- 
teenth century  -  is  now  no  more  ;  she 
has  been  merged  in  the  battleship 
which  now,  when  oil  fuel  is  employed, 
has  a  speed  exceeding  25  knots.  No 
country  in  the  world  is  now  building 
the  great  assortment  of  cruisers  of 
various  types  with  which  we  were 
familiar  a  few  years  ago.  Indeed,  very 
few  cruisers  ai*  under  ronstruetion. 
Naval  strategists  (outend  that  they 
have  now  no  use  for  anything  except 
the  scout-cruiser,  ranging  in  dis- 
placement from  about  3,000  tons  up 
to 6,000  tons,  the  latter  figure  being 
that  of  the  vessels  which  are  being  laid 
down  under  the  new  French  programme. 
Thus  naval  constructors  have  evolved 
one  type  of  armoured  ship,  carr>ring 
the  gun  and  the  torpedo,  ami  one 
type  of  cruiser  also  armed  with  the 
two  weapons. 

Arc  wc  now  on  the  eve  of  witnessing 
the  adoption  of  a  similar  policy  towards 
torpedo  craft  ?  It  is  suggested  that 
all  the  various  types  are  about  to  be 
merged  into  a  new  creation — the 
submersible  destroyer. 

This  vessel  will  carry  the  gun  as  well 
as  the  torpedo.  The  British  naval 
authorities  were  the  first  to  determine 
to  give  submersible  craft  a  gun 
armament.  The  experiment  of  mount- 
ing one  weapon  on  a  disappearing 
mounting  proved  a  success  and  it  has 
now  been  derided  to  equip  all  future 
submarines  with  guns  a*s  well  as  tor- 
pedoes, and  thus  in  one  hull  will  be 
combined  the  fighting  qualities  hitherto 
associated  with  the  above-water 
torpedo  craft  of  various  types — ^but 
not  the  speed — and  the  submarine 
vessel. 


The  new  British  submarines  of  the 
"  F  "  class,  it  is  now  known  will  dis- 
place alxnit  1,200  tons — an  advance  of 
about  400  tons  on  their  immediate 
predei  t  ssors.  They  will  have  a  spee<i 
on  the  surface  of  20  knots,  and  it  is 
hoped  to  obtain  a  speed  of  rather  over 
16  knots  when  ninning  submerged. 
These  vessels  will  have  six  tubes  for 
discharging  torpedoes  of  the  21  inch 
type  and  will  mount  four  quick*firing 
guns  of  three  inch  calibre.  They  will 
have  a  complement  of  twenty  to  thirty 
officers  and  men  and  will  thus  represent 
a  great  economy  in  f>crs(>nnfl  as  com- 
pared with  even  the  latest  oil-burning 
destroyers,  which  have  complements 
numbering  about  seventy,  The  whole 
tendency  of  naval  development  appears 
indeed  to  be  In  the  direction  01  the 
reduction  of  the  human  element. 
The  early  destroyers  of  the  30  knot 
class,  with  a  displacement  ranging 
round  about  400  tons,  required  crews 
of  60  ofhcers  and  men,  and  in  the 
Basilisk  class,  laid  down  under  the 
Navy  Estimates  of  1908,  the  comple- 
ment rose  to  105.  Now  in  the  sub- 
mersible destroyer,  with  four  small 
quick-firing  guns  and  six  torpedo 
tubes,  it  is  calculated  that  not  more 
than  twenty  or  thirty  officers  and  men 
will  be  required,  although  these  new 
vessels  combine  the  fighting  qualities 
of  two  distinct  types  of  craft.  The 
reduction  of  personnel  in  submarines 
is  largely  due  to  the  introduction  of  a 
modiftcatioQ  of  the  Diesel  engine, 
which,  still  in  its  infancy,  gives  promise 
of  still  further  development. 

The  submersible  craft  has  come  to 
stay  and  to  develop  because  it  is 
increasingly  realised  that  the  torpedo 
is  a  serious  rival  to  the  gun.  Unless 
reports  as  to  the  achievement  of  foreign 
navies  m  torpedo  manufacture  are 
entirely  nusleadinc,  the  British  authori 
ties  are  in  a  position  of  considerable 
advantage  in  the  development  of 
torpedo  vessels  for  the  fleet  under  the 
new  conditions.  While  there  is  probably 
no  considerable  difference  in  the 
capabilities  of  British  and  foreign  guns, 
the  British  torpedo  is  believed  to  be 
the  best  in  the  world,  and  this  ad- 
vantage has  become  more  marked 
since  the  introduction,  three  or  four 
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years  ago,  of  the  new  21  inch  type 
weapon  first  carried  in  the  battleships 
of  the  Herades  ty^,  with  a  greatly 

increased  explosive  charge  and  mucK 
higher  speed.  To  what  extent  other 
£uropean  Powers  have  beenabic  to  take 
advantage  of  the  development  of  the 
super-heater,  which  has  given  the  new 
torpedo  far  greater  range  and  speed, 
is  unknown,  but  there  is  no  doubt  the 
British  service  has  gained  immensely 
from  this  invention.  Probably  the  best 
testimony  to  this  branch  of  the  British 
service  lies  in  the  fact  that  the  Navy 
Department  of  the  United  States  has 
r(  (  enfly  purchased  a  large  number  of 
weapons  corresponding  more  or  less 
closely  to  those  used  in  the  British 
Navy. 

In  recent  years  the  torpedo  has  made 
remarkable  progress,  and  hence  the 
development  in  the  design,  both  of 
destroyers  and  submarines  in  the  past 
ten  years.  Admiral  Twining,  of  the 
American  Navy  Department,  directed 
attention  to  the  change  of  opinion  in 
the  United  States  Navy  in  the  evidence 
which  we  gave  before  the  Naval  Com- 
mittee of  the  House  of  Assembly  early 
in  the  present  year.  Tliis  officer  made 
the  following  replies  in  answer  to  a 
series  of  questions : — 

Q. :  What  are  the  largest  torpedoes  we 

arc  using  ? 

A.  :  11  feet  lont;,  21  inches  in  diameter. 

y.  :  Are  not  some  loii'^i-r  than  that  made 
are  there  not  ^^-mcli  tor])(  <l< k  s  niadf  - 

.\.  :  No,  sir  .  there  are  nothing  larger  than 
21  inches.  There  have  been  some  longer 
than  21  feet,  but  nothing  larger  than  2t 
inches  in  diameter. 

Q. :  What  is  the  range  of  these  ai-inch 
torpedoes  ? 

A.  :  Some  are  desif^ned  for  in  im)o  yari!s 
ran>,'e.  and  some  for  a  shorter  rant^c.  4.000 
to  5,000  \  .ii.|s  witli  a  }ii!.;her  speed.  I  hev 
will  do  s.ooi)  well,  to  he  i  oiiserv  ative.  sav 
4.ocK> — at  <5  knot  ->])ei'd,  and  are  led 
to  do  10.000  yards  at  about  a  27  knot  speed. 

(J. :  1  hat  is  the  average  speed  ? 

A. :  Yes.  sir. 

Q. :  They  leave  the  ship  at  a  much  more 
rapid  speci  than  when  they  arrive  at  the 
limit  of  their  ranqe,  do  thev  not  ' 

A  :  I  lie  two  tyjK-sof  torpedoes  the  Bliss- 
I.eavitt  and  the  Whitehead  diltcr  somewhat 
in  that  respect.  1  he  Hliss  Lt-aMtt  torjiedo 
IS  operated  bv  a  turlnne  cngme,  and  the 
variation  in  spec,!  is  not  so  great  as  in  the 
Whitehead.  We  only  allow  a  variation  of, 
I  think,  half  a  knot  or  something  like  that. 
They  fet  their  maximam  speed  very  quickly 


after  they  arc  started  and  keep  it  to  the  end 
until  they  stop.  The  Whitehead  torpedo, 
of  coarse,  falls  off  a  little  more  in  i^eed. 

:  We  bought  some  Whiteheads  abroad, 
did  we  not  ?    What  did  we  pay  for  ttiem 

A.  :  That  .same  torpedo  bought  abroad, 
exclusive  of  freight  and  duty,  costs  $3,297 

(ibout  /65g). 

Q.  :  Vou  sav  the  Wliitehea  l  (orjie  Iocs  COSt 
<j,297  exclusive  of  freight  and  duty  ? 

A.  :  Ves,  sir. 

Q. :  What  are  we  paying  for  the  Bliss- 
Leavitt  torpedoes,  tauag  the  same  a  i -inch  ? 
They  are  making  at -inch  torpedoes,  are  they 

not  ? 

A  :  ^■es.  sir.  The  niiss-I.eavitt  torpedo 
that  corresponds  most  nearly  in  the  range 
power  and  sj)eed  to  that  torpedo  is  an  iS- 
inch  torpedo,  for  which  we  pay  about  $5,800 
(about  {1, 160). 

These  admisstons  of  the  power  of 

tlir  latest  tor])('does  explain  the  im- 
portance attached  to  its  possession 
for  warlike  operations  and  the  con- 
sequent increase  in  the  output  of 
submarine  vessels  to  carry  it. 

It  is  only  a  few  years  ago  since  two 
of  the  inost  distinguished  admirals  of 
the  American  fleet  held  that  the 
effective  range  of  the  torpedo  at  its 
maximum  speed  was  only  800  yards 
and  that,  therefore,  it  was  unnecessary 
to  provide  tubes  in  the  new  battleships 
then  building  "  since  the  vessels  coiud 
never  expect  to  get  within  range  for 
the  use  of  this  weapon."  The  credit 
for  the  change  in  American  naval 
opinion  is  largely  due  to  the  research 
of  the  E.  W.  Bliss  Company,  of  Brook 
l>Ti,  who  introduced  a  turbine-driven 
torpedo  with  a  sui)er-lieater.  Describ- 
ing this  new  development  some  years 
ago  in  an  American  technical  journal, 
when  it  first  appeared,  an  expert 
writer  described  the  Bliss-Leavitt 
tori)edo  as  resembling  the  Whitehead 
torpedo  in  external  ajipearance,  whilt 
far  surpassing  it  in  speed,  range  and 
accuracy.  Probably  this  claim,  at 
the  time,  was  justified. 

The  after  portion  of  the  torpedo,  or 
the  tail,  contains  in  its  forward  end  the 
engine  which  drives  the  j)ropeller.  The 
torpedo  is  operated  by  a  turbine  engine 
of  the  Curtis  compound  tyj)e,  having 
two  wheels,  II  inches  in  diameter, 
and  each  having  85  brackets.  The 
wheels  make  1,200  revolutions  per 
minute.  The  engine  develops  no  H.P. 
as  against  35  to  40  'in  the  ^three- 
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cylinder  engines  heretofore  employed. 
The  remarkafafy  high  efficiency  in 
speed  and  range  of  tlie  new  torpedo 
is  due  to  the  use  of  a  sui)erheating 
process  appHed  to  tlie  compressed  air. 
This  consists  of  a  flame  which  is  auto- 
matically ignited  the  instant  the  torpedo 
is  launched  from  the  tube,  and  which 
burns  durinf,'  the  entire  run. 

The  regulation  of  the  dci)th  is  effected 
by  means  of  a  vertical  dia])hragm,  on 
one  side  of  wliicli  is  th(>  water,  which  is 
allowed  to  enter  hv  holes  provided  in 
the  shell  for  that  i  urjwse,  and  on  the 
other  side  a  scries  of  coiled  s]>rinL;s,  the 
water  pressing  against  the  diap]ua,t;m 
on  the  one  side  and  the  springs  pressing 
the  diaphragm  in  the  oppositedirection 
on  the  other  side.  The  springs  are 
adjustwl  so  that  tlieir  pressure  shall 
exactly  equal  the  pressure  of  the 
water  at  the  given  depth  at  wliicli  the 
toq)edo  is  to  travel.  If  the  toi-j)edo 
descends  below  that  depth  the  water 
pressure,  owrcoming  the  sjiring  pres- 
sure, ])ushes  the  diaphragm  mwardly. 
If  the  torpedo  is  above  the  desired 
depth,  the  springs  overcome  the  water 
pressure  and  push  the  diaphragm 
outwardly.  The  gyroscoi)e  wheel  is 
a  sphere  of  st(t>l  about  as  large  as  a 
baseball  and  weighing  less  than  2^  lb. 
If  the  torpedo  tends  to  deflect  to  the 
right  or  to  the  left  this  gyroscoj)e 
turbine  maintains  its  original  position, 
and  its  angular  motion  with  regard  to 
the  toqjedo  (or  to  speak  more  accur- 
ately, tile  angular  motion  of  the 
torpetlo  about  tlie  gyroscope)  serves 
to  actuate  a  mechanism  vvliich  turns 
the  vertical  rudders  to  the  right  or 
left,  and  corrects  the  deviation. 

Admiral  Twinin^s  evidence,  already 
quoted,  shows  that  considerable  jnoizress 
has  been  made  in  increasing  the  range 
and  the  speed  of  this  torpedo,  with  the 
result  that  naval  opinion  on  tlir  other 
side  of  the  Atlantic  has  undergone  a 
radical  change.  The  result  of  past 
policy  in  the  United  States  is  that  at 
present  of  all  the  great  navies  of  the 
world,  the  United  States  is  the  weakest 
in  torjiedo  craft.  Possibly  this  is  partly 
due  to  the  fact  that  this  Navy  has  no 
narrow  waters  to  defend  or  potential 
enemy  near  at  hand,  but,  on  the  other 
hand,  it  has  many  harbours  in  which 


such  vessels  would  be  of  the  highest 
value. 

As  soon  as  the  rumours  of  the  new 
American  torpedo  reached  England, 
experiments  began  with  a  view  to  an 
improvement  of  the  tN^ie  of  wcajion 
then  used  in  the  British  Navy.  The 
Whitehead  Company  succeeded  in 
producing  a  heater  which  it  is  claimed 
is  superior  to  any  other.  It  consists 
of  a  small  steel  chamber  between  the 
air-chamlx'r  and  the  rngine  of  the 
torpedo,  in  which  liquid  fuel  is  burnt 
in  contact  with  the  air  which  is  passing 
through  the  engine.  The  apparatus 
is  extremely  small,  taking  up  only 
about  three  inches  of  the  torpedo's 
length,  and  it  b  light,  weighing  <nity 
ab<mt  12  lbs.  The  gain  in  power 
which  has  been  obtained  as  a  result  of 
this  development  in  its  application 
to  thr  familiar  T8-inch  tor|)edo  is 
shown  in  the  following  statement  : — 

With  With 
Cold  Heated 

Air.  Air. 

Speed  at  i,ooo  yards  35  knots  43  knots 
„  1.500    ,,    30    .,  40 
„  2.000     ,,    28     ,,     3^  ,, 
„  3.000    „   23    ,.    32  „ 
„       4.000    „   18    „    28  „ 

The  Whitehead  Company  have  since 
adapted  the  heater  to  a  21-inch  torpedo 
with  a  charge  of  330  lbs.  of  ex|)Iosive 
and  an  effect i\f  range,  it  is  said,  of 
12,000  yard-,  and  an  initial  speed  of  48 
knots.  Details  of  tin-  type  of  torpedo 
which  is  being  made  for  the  British 
service  are  regarded  as  confidential. 
There  is,  however  groiuid  for  be- 
lie ving  that  this  weapon  is  superior  in 
range,  speed  and  accuracy  to  anything 
hitherto  cvohcd  abroad  ;  in  fart,  its 
range,  it  is  claimed,  is  not  inferior  to 
the  heaviest  gun. 

One  has  not  infrequently  to  go 
abroad  for  information  as  to  British 
naval  developments  and  in  the  present 
in^tantc  it  is  Le  Yiic/i/  whirli  has 
published  the  most  detailed  particulars 
of  the  Hardcastle,  or  "  service  "  tor- 
})edo,  which  is  there  compared  to  the 
Armstrong  type,  both  of  which  are 
of  the  same  diameter — 21  inches.  The 
following  contrasts  of  the  speeds  at 
the  several  distances  are  supplied  : — 
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Aon- 

Hard- 

castle. 

Knots. 

Knots. 

Up  to T.ooo  metres 

45 

45 

„  2,000 

..  41 

42 

„  3,000 

•  •  39 

40 

4.000 

35 

36 

M  5.000 

>t 

. .  3-* 

33 

„  6,000 

it 

27 

31 

7.»<>o 

. .  22 

28 

,,  8,000 

. .  20 

27 

The  writer  in  Lc  Yacht  remarks  that 
"  Up  to  5,000  metres— about  5,500 
yards — there  is  little  difference  between 

the  two  torpedoes;  tlie  superiority  of 
the  Hardcastlc  type  is  revealed  beyond 
this  range,  but  it  appears  that  the 

gyroscope  with  which  if  i-  fiirni-htd. 
though  it  can  theoricaily  cUrect  it  for 
20  minutes,  has  not,  it  is  said,  given 

certain  results  for  more  than  ei^lit 
minutes  ;  the  effective  range  of  the 
torpedo,  therefore,  has  (its  htnit  at 
about  7,000  metres."  This  is  a  French 
opinion  on  the  British  torpedo,  and  it 
is  confirmed  by  unofficial  information 
in  this  country,  such  as  Jane's  Fit:J)tinfi 
Ships,  which  uive-;  the  Hardcastle 
torpedo  a  maxiniuni  range  of  7,000 
yards. 

However  this  may  be,  the  develop- 
ment is  of  a  remarkable  character,  since 
in  the  Russo-Japanese  war  the  distance 
which  the  torp>edo  could  cover  was  only 
about  1,000  yards,  at  which  it  did 
not  compete  with  the  gun.  It  is  now 
the  gun's  serious  rival,  and  heme  tin- 
increased  attention  which  is  beuig 
given  to  the  construction  of  craft 
specially  designed  for  its  use  anfl  the 
decision,  at  any  rate,  of  the  British  and 
Gennan  naval  authoritie<(,  to  increase 
the  number  of  discharging  tubes  in 
lai:ge  armoured  ships.  Whereas  in 
the  Dreadnought  there  were  four  sub- 
merged tubes  on  the  broadside  and 
one  at  the  stern,  it  is  reported  that  in 
tlie  latest  vessels  the  number  is  largely 
increased.  In  the  British  designed 
Japanese  ship,  the  A'f)«£fo.— just  com- 
pleted at  Barrow-in-Furness — the 
number  is  8,  all  of  them  l)eing  sub- 
merged, and  the  most  recently  designed 
German  vessels  of  the  Worth  class,  of 
about  28,000  tons  are.  it  Is  believed, 
to  be  provided  with  broadsides  of 
six  tubes  with  one  in  the  bow  and 


another  in  the  stem,  the  whole  eight 
being  submerged. 

The  success  which  has  been  achieved 
in  the  improvement  of  the  torpedo  has 

powerfully  influenced  the  decision  of 
the  British  naval  authorities  to  devote 
largely  increased  sums  to  the  con- 
struction of  large  torpedo  craft  for 
offensive  purposes,  while  still  continuing 
to  build  smaller  vessels  for  use  on  the 
coast.  The  course  which  the  Adnnralty 
are  adopting  was  revealed  bv  the  First 
I^ordof  the  .\tlniiralty  in  a  portion  of  his 
speech  in  the  House  of  Commons,  on 
March  j6th  last,  when  he  explained 
that  instead  of  laying  down  20  des- 
troyers, as  in  former  years,  it  was 
proposed  to  begin  only  16,  but  he 
added  that  this  smallernumber  would 
be  of  a  superior  type  and  would  cost 
as  nuK  li  as  twenty  vessels  of  the  former 
programme.  In  other  words  these 
destroyers  will  approximate  in  size  to 
small  cruisers  and  will  have  a  great 
radius  of  action. 

In  explaining  the  policy  of  the 
Admiralty  with  reference  to  above- 
water  torpedo  craft,  Mr.  Churchill 
remarked  :  — 

The  Britis!)  torpedo-boat  des- 
troyer has  been  constructed  with  a 
double  purpose.  Its  primary  pur- 
po*-e  is  to  cut  down  and  drive  from 
the  sea  by  gun  power  the  torpedo 
craft  of  the  enemy.  Its  secondary, 
but  not  less  important  purpose,  is 
to  attack  the  great  ships  of  the 
enemy's  fleet  by  the  torpedo.  Both 
of  these  capacities  of  the  dotroyer 
is  being  intnided  upon  by  other 
types. 

"  The  small,  very  fast  cruiser, 
on  the  one  hand,  and  the  large  sub 
marine  on  the  other,  are  making 
inroads  upon  both  functions  of  the 

destroyer,  and  it  is  possible  that 
future  years  may  witness  further 
reductions  in  the  destroyer  pro- 
gramme, to  the  advantage  both  of 
the  light  cruiser  and  of  the  sub- 
marine. It  is  with  a  view  to  pre- 
venting waste  and  loss  to  private 
firms,  and  giving  ample  notice, 
which  will  enable  a  gradual  change 
to  he  ti;.ide,  that  we  are  calling  the 
attention  to  the  destroyer  builders 
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throughout  the  country  to  these 

possibilities. 
I  do  not  want  to  say  very  much 

about  ?ubmariiH-  construction.  W'c 
have  a  very  great  superiority  in  num- 
bers over  every  other  country— ex- 
cepting, perhaps.  France — and  we 
are  providing  over  £1,000,000  this 
year  for  the  further  development  of 
these  very  important  vessels.  The 
various  types  and  sizes  are  boin£? 
constructed  in  sufiicient  nunibei>, 
and  the  highly  trained  and  ex 
perienfcd  personnel,  on  which  the 
utility  oi  tliese  formidable  weapons 
depends,  is  being  regularly  'and 
rapidly  augmented." 

These  general  remarks  by  the  First 
Lord  of  the  Adnuralty  seemed  to 
point  to  the  abandonment  in  the  near 
future  of  the  above  water  torpedo 
vessel  in  favour  of  craft  which  can  be 
submersed  at  will.  But  the  new 
submersible  ship  will  have  about  one- 
third  less  speed  on  the  surface  than 
the  destroyers  which  have  been  con- 
structed during  the  past  ten  or  fifteen 
years,  and  it  is  questionable  whether 
lull  compensation  for  this  will  be 
found  in  the  ability  to  sink  ))eneath 
the  water  out  of  the  range  of  possible 
attack. 

It  may  be  that,  in  dealing  with  a 
very  technical  matter,  the  First  Lord 
went  rather  beyond  his  brief.  At  any 
rate  there  is  no  indication  that  the 
Marineanit  holds  anv  stich  view  as  to 
the  immediate  future,  in  announcing 
last  year  the  decision  to  build  six 
submarines  annuallv  for  the  (H-rman 
fleet  in  future,  there  was  no  suggestion 
of  reducing  the  output  of  destroyers, 
which  will  be  at  the  rate  of  i_'  .1  year 
as  in  the  immediate  past,  ^ior  does 
this  amendment  of  the  Navy  Law 
stand  alone  as  an  inditafion  of  the 
policy  of  the  German  naval  authorities. 
In  toe  1913  issue  of  Naulicus,  it  is 
remarke<l  in  this  connection  : — 

It  will  be  found,  with  the  advance  of 
technique,  that  the  submarine  will  get,  in 
greater  measure  than  hitherto,  the  qualities 

which  have  hitlu-rto  «har;u  tensed  the 
torjiedo  boat  and  the  destroyer  ot  Wmti 
able  to  alongside  other  war  ves-vels  in 
the  open  iica.  iJut  even  then  the  submarine 
will  remain  an  auxiliary  weapon  as  the 


torpedo  is  to-day  ;   sea  power  will  always 

be  obtainetl  and  kept  by  the  power  of 
battle-.l.ii .mil  ( riiiMTs.  The  submarine 
will  f^eiu  r.ilK-  li.uc  to  do  the  .siinu-  work  by 
day  .is  the  torju-tlo  Ixjat — the  destroyer- 
does  by  ni|.;ht  ;  as  the  dark  makes  po.sMble 
the  approach  of  the  toqK-flo  Ixiat  within 
discharging  distance,  so  the  submarine  is 
placed  out  of  sight  and  harm  under  the 
surface  of  the  water. 

The  belief  not  infrequently  expressed  that 
the  destroyer,  in  a  \ery  short  time,  will 
be  su|)<Tsi(|tsl  bv  the  sniSmanne  is  not  to 
be  I  'lHsidercd  ;  for  in  the  mt>!>t  im]><)rtant 
particular,  the  (|uahty  of  the  destroyer — 
its  hi^h  speed  will  never  be  obtained  in 
the  same  clenree  in  the  submarine  on  account 
of  its  Rrcat  weight  and  the  unfavourable 
shape  of  the  Uxly  of  the  boat.  The  idea 
of  leaving  hi^h  speed  submarines  to  attack 
by  night  mifjht  perhaps  be  entertained  in 
Jtomc  circiinistances.  if  it  liap]>ene<J  that  all 
the  li'^htiiiL;  strength  was  entirely  imprisoned 
at  a  jKirtu  ular  time.  The  same  idea  is 
also  advanced,  however,  coiuernini;  the  use 
of  the  destroyer  by  day.  The  submarine  and 
dectmyer  will  remain  side  by  side  as  sister 
weapons. 

The  peculiarity  of  the  submarine  weapon 

which  it  exhibits  beyond  any  other  fighting 
unit,  is  the  capabiUty  to  carry  out  an  attack 
without  t;reat  risk.  The  attack  bv  a  des- 
trover  riotill.a  iK-tokens  a  l.iru;e  deniari<l  on 
the  battle  strength  ;  a  well  k-d  .sutiniarine 
flotilla,  on  the  contrary  will  eimrL:''  tr<>m  a 
•successful  attack  without  loss,  tin  /'<  r>  nuel 
strengthened  by  an  increased  l^elici  in  itself 
and  in  its  weapon. 

One  cannot,  therefore,  in  a  comparis<m  of 
strength  reckon  the  number  of  the  sub- 
marines  on  both  sides  without  further 
consideration  as  in  ships.  More  than  in 
other  weajMins,  tlx-rc  .omis  ititc  the  field 
of  contrast  the  sjnrit  of  adventure,  the 
military-  training  of  the  iiersnnnel  and  the 
technical  capability  of  the  ni<nhinery. 

Consequently  for  some  time  to  come 
the  destroyer  and  the  submarine  will 
both  be  constructed, and  it  is  impossible 

to  fore-ee  with  any  exactness  the  precise 
line  of  progress  in  the  immediate 
future. 

It  may  be  that  th"  ne.xt  development 
will  come  from  the  air,  and  that  in 
the  hydro-aeroplane,  able  to  drop 
explosi\ts,  an  antidote  will  at  last 
be  found  to  the  devilish  tactics  of  the 
submarine  vessels. 

A<  we  luwe  witne'^sed  a  contest 
between  the  gun  and  the  torpedo,  with 
the  result  that  the  two  weapons  arc 
now  mounted  in  every  \ts^c'l  in  the 
Navy,  so  now  we  are  on  the  eve  of  a 
struggle  between  thesubmersible  vessel 
and  air  craft,  and  possibly — ^who  can 
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say? — the  distant  future  may  produce 

a  type  of  ship  which  can  operatr 
either  on  or  under  the  water  or  in  the 
air.  This  may  seem  to  some  persons 
an  tmpracticaDle  development,  mit  the 
unimaginative  shipbuilder  in  wood 
did  not  beheve  iron  ships  could  be 
made  to  float  and  carry  great  weights  ; 
many  nava!  o(Ti("ff^  used  to  scoff  at 
the  torpedo  as  unpossible  of  develop- 
ment into  a  practical  weapon  of  war ; 
all  aerial  craft  were  quite  recently 
regarded  by  many  people  as  toys  of 
no  practical  use.  The  metal  ship, 
the  torpedo  and  the  aeroplane  have  all 
been  pressed  into  the  service  of  the 
great  navies  and  the  future  may  yet 
produce  the  aerial  craft  which,  folding 
its  wings,  can  travel  on  or  under  the 
water. 

It  is  necessary  only  to  point  to  the 
development  of  aviation  as  a  bianch 
of  the  naval  service  to  silence  sceptics. 
A  few  years  ago  there  were  few  believers 
tn  England  in  the  aeroplane  as  an 
extension  of  naval  power  and  the  airship 
was  regarded  with  ill-concealed  amuse- 
ment, or  amazement,  at  human  follv  as 
one  disaster  after  another  overtook  the 
experimental  vessels  built  abroad. 
Now  the  Naval  Wing  of  the  Koxal 
Fl3ang  Corps  has  nearly  a  hundred 
hydro-aeroplanes  with  as  many  trained 

{►ilots  ;  and  stations  are  being  created 
rom  the  Isle  of  Grain  right  up  the 


east  coast  to  Oromarty.   Orders  have 

been  recently  given  for  ten  airships  of 
various  types,  rigid  and  non-rigid. 

Practical  business  firms,  such  as 
Messrs.  Armstrong,  Whitworth  &  Co , 
and  Messrs.  Viokers,  Ltd.,  are  develop- 
inq;  this  new  mdusiry  and  sinking  tens 
of  thousands  of  pounds  in  the  necessary 
mechanical  equipment  and  in  the 
construction  of  air  sheds,  costing 
about £60.000  each;  the  Admiralty  are 
spending  an  immense  smii  on  a  double 
"  dock  "  for  airships  m  the  Medway 
Valley,  near  to  Chatham  Dockyard, 
and  plans  are  being  considered  for  the 
construction  of  other  sheds  in  other 
parts  of  the  country,  so  that  when  the 
ship-  aie  readv  there  may  be  docks 
in  which  to  house  them.  Crews  for 
the  airships  are  already  under  tn(inin|;, 
and  at  Whitehall  there  is  an  Air 
Department,  under  Captain  Murray 
Sueter,  whose  name  is  familiar  as 
the  author  of  the  standard  work  on 
submarines. 

This  represents  the  devdqpment  of 
a  httle  over  a  year  in  aerial  matters, 
and  who  shall  say  that  the  immediate 
future,  which  may  see  the  evolution 
of  a  submersible  torpedo  boat 
destroyer,  will  not  also  witness  the 
development  of  a  form  of  craft  for 
war  which  will  be  able  to  cruise  and 
fight  either  under,  or  on  or  over  the 
sea? 
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MODERN  LAP-WELDED  TUBE  MANUFACTURE 

By  Cfiai.  R  Wall. 


LIKE  a  great  many  more  manu- 
facturers who  have  hwn 
wakened  up  by  the  example  set 
us  by  the  foreigner,  the  makers  of  lap- 
wclded  tubes  in  this  countiy,  espectall>- 
tlu'  larger  concerns,  have  aroused 
themselves  and  thuiif^iit  it  was  alxmt 
time  the  old  methods  were  left  behind 
and  that  the  race  should  be  continueii 
with  the  most  modern  methods  against 
their  foreign  competitors. 

The  Americans  were  the  first  to  bring 
their  plants  uj)  to  date  introducing 
machinery  electrically  dnven  and  sub- 
stituting the  gas  firefl  for  the  f)Ider  roal 
fired  welding  furnace.  VVitli  tliese 
two  departures  more  mechanical  means 
were  substituted  for  the  various  opera- 
tions as  against  the  manual  methods  of 
the  old  style  ;  thus  the  new  combination 
meant  an  increased  output  at  a  much 
less  cost. 

The  writer  would  here  like  to  state 
before  describing  this  modem  method 
that  the  most  essential  points  to  Ix- 
studied  in  laying  down  a  mill  of  this 
descripf  are  efficiency  and  quality, 
combinetl  with  (piantity  and  erojiomy  : 
unless  a  new  metliod  can  produce  nK)rc 
of  a  better  quality  at  a  smaller  cost  no 
advantage  is  gained  in  adopting  it. 

The  mill  must  be  so  arranged  that 
raw  material  enters  at  one  end,  the 

finished  art icle  h-aving  at  the  other.  To 
do  this  something  on  the  followmg  lines 
may  be  adopted. 

An  iron  stores  i<  ]irovided  for  receiv- 
ing the  strips  of  the  various  widths  and 
gauges  as  delivered  from  the  ironworks, 
and  as  recjuired  for  the  various  diameter 
tubes  it  is  intended  to  make,  the 
ground  space  being  so  divided  to 
accommodate  these  sizes,  v:\ch  pen  or 
stallai;(  beinc  marker!  with  the  si/o 
strip  It  contains.    An  electric  overhead 


crane  travels  the  whole  length  of  the 

stores  from  which  it  can  carry  any  size 
required  to  the  next  operation,  viz., 
that  of  bevelling  the  edges  of  the  strip, 
which  is  generally  done  on  a  draw- 
bench.  Two  of  these  benches  are  placed 
parallel  to  each  other  (see  Fig.  l) — 
with  tail  beds  or  tables  on  to  which 
the  strip  is  delivered  by  the  crane. 
The  benches  arc  wide  enough  apart  to 
allow  sufficient  room  for  the  strips  to 
tx;  stacked  prior  to  going  through  the 
next  stage. 

The  strip  is  bevelled  by  being  drawn 
through  and  under  two  -tee!  tools  with 
knife  edges  .set  at  the  necessary  angle 
for  the  required  bevel.  These  tools 
are  held  in  movable  head>^  actuated  by 
right  and  left  hand  screws,  to  suit  the 
different  width  strips.  Near  to  the 
front  end  (  f  the  drawbenches  is  erected 
a  gas  find  furnace,  the  centre  line  of 
tlie  l>ed  corresponding  to  the  centre 
line  between  the  two  bevelling or  scarf- 
ing benches  as  they  are  sometimes 
called  (see  Fig.  i)  ;  tins  enables 
the  furnace  chargers  to  take  up  the 
strips  from  the  floor  and  p]a(  (  them  in 
the  furnace  to  be  heated  ready  for  turn- 
ing up.  At  the  other  side  of  this 
furnace  is  erected  another  drawbtnch 
known  as  the  "  turning  up  or  skeiping 
bench,"  the  tail  end  of  which  is  fitted 
with  a  tabh^  and  turning  up  die  and 
works  adjacent  to  the  furnace.  ^See 
Fig.  I .)  The  strip  is  heated  to  a  bright 
red  and  drawn  from  (he  furnace  in 
the  flat  into  the  die.  being  gripped  by 
sfiecial  shaped  tongs,  and  is  further 
drawn  by  the  chain  .iml  turned  u})  into 
a  tubf  with  the  bevil^  over-lapping 
each  other  .sullicii ntly  to  make  the 
necessary  weld.  From  this  bench  the 
skelj  s  are  ]>a«ed  on  (o  skids,  down 
wliich  they  roll  into  the  welding  i)it. 
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From  here  they  are  passed  into  the 
welding  furnace — (Fig.  2) — in  the  hot 
state.  This  furnace  is  gas  firo<\  and 
built  parallel  to  the  turning  up  furnace, 
the  two  furnaces  thus  being  parallel  and 
square  to  each  other 

The  hot  skelp  is  taken  from  the  rack 
by  means  of  a  swing  lifted  at  the  end 
nearest  entrance  to  furnace  the  other 
end  being  seized  with  tongs  by  the 
furnace  man,  it  is  then  lifted  across  and 
pushed  into  tlie  furnace  in  which  the 
bed  is  so  arranged  to  receixe  three 
skelps  lying  parallel  to  each  other,  the 
centre  one  lying  in  a  groove  with  the 
bevelled  edges  on  the  top  side.  At  the 


into  the  rolls  through  which  it  passes 
over  the  plug,  drawn  through  by  friction 
caused  hy  the  grip  of  the  rolls  on  the 
metal  suj)ported  from  the  inside  by  the 
welding  plug.  Running  at  a  good 
spetd  the  skelp  is  quicklv  carried 
through  and  welded  ;  the  tube  now  lies 
in  the  trough.  The  hinge  lever  is 
lift(>(l,  the  bar  i)ulling  macliine  started 
the  reverse  way,  the  rolls  by  pressure 
of  the  foot  lever  grip  the  bar,  extracting 
it  from  the  tube  ;  the  tube  is  tlirown 
from  the  trough  by  lever  arrangement 
on  to  skids,  by  a  reverse  movement  the 
welding  bar  is  brought  again  into 
position  with  the  welding  plug  ready 


<»ther  end  of  the  furnace  the  welding 
rolls — (Fig.  2) — are  erected  and  are 
brought  as  close  as  the  bedplate  will 
allow.  A  guide  trough  is  fixed  to  the 
housings  to  carry  and  ensure  the 
entrance  of  the  hot  skelp  into  the  rolls 
as  it  leaves  the  furnace.  From  the 
welding  rolls  continues  a  trough, 
V-shaped,  and  at  the  end  is  a  machine 
used  as  the  })ar  stop  and  extractor;  this 
machine  runs  out  the  mandril  bar 
carrying  on  the  end  the  weldmg  plug  ; 
the  length  of  this  bar  and  plug  are 
adjustable  by  means  of  a  screw  with  a 
ratchet  lever.  The  bar  is  driven  by  a 
pair  of  friction  rollers,  which  are  revers- 
ible. When  the  plug  is  in  position, 
that  is,  lying  between  the  welding 
rolls,  the  hinge  lev(  r  is  dropped  into 
positi'm  as  a  stop  to  the  bar.  This 
ready,  and  the  skelp  up  to  welding 
heat,  the  welder  uses  a  long  rod  forked 
at  one  end ;  this  fork  serves  to  catch 
on  the  end  of  the  skelp.  The  oilier  md 
cf  the  rod  is  fitted  with  a  T-handle,  the 
welder  with  assistance  pushes  the  skelp 


for  the  next  tube.  As  the  centre 
skelp  is  pushed  from  the  furnace  into 
the  rolls,  one  of  the  tubes  at  the  side 
is  rolle<l  over  into  the  groove  and  so  the 
process  of  welding  continues,  one  tube 
out.  another  in  ;  the  result  is  a  con- 
tinuous flow  of  tubes,  the  quantity 
averaging  day  by  day  from  1,000  to 
1,200  of  2  in.  tubes  18  ft.  long  every  12 
hours. 

After  welding,  the  tube  is  rollctl 
down  the  skids  at  the  same  time  that  it 

is  rx.miined.  Should  there  be  any  facial 
defects  discovered,  or  a  bad  weld,  the 
tube  is  drawn  off  on  to  the  floor  to  one 

side.  If  sound  it  is  rolled  into  a 
trough  from  which  it  passes  through 
sizing  rolls  goingin  an  opposite  direction 
from  which  it  was  |)assed  through  the 
welding  furnace.  The  sizing  rolls  are 
carried  on  the  same  bedplate  as  the 
welding  rolls,  the  bed  being  left  long 
enough  for  this  jnirpose  and  for  the 
delivery  trough  from  tlit*  sizing  rolls  to 
])ass  along  and  j)arallel  to  the  side  of 
the  iurnace.   The  trough  being  fitted 
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with  live  rollers  the 
tube  is  carried  on 
meclianically  towards 
the  cross  rolls  thiongh 
which  it  is  passed  into 
another  trough.  The 
cross  rolls,  besides 
straightcninf,'  the  tubes, 
clean  oS,  any  scale  from 
the  sarface,  a  supply 

of  C(»ld  water  running 
on  to  the  rolls  to  cftect 
this,  thus  giving  a 
good  finish  to  the 
tube. 

The  receiving  trough 
from  the  cross  rolls  is 

fitted  with  a  hinged  lid 
proi)ei  ly  balanced.  This 
o])ened,  the  tube  rolls 
out  on  to  a  skid  at 
right  angles  to  the 
direction  it  was  going. 
The  skid— (Fig.  3)— 
has  plenty  of  room, 
holding  a  large  quantity 
with  free  access  of  air 
above  aiu!  lielow  ;  the 
tubes  quickly  cool 
down.  From  this  rack 
they  are  taken  one  at 
a  time  to  be  examined, 
and  if  not  straight  are 
made  so  in  a  sj>ring- 
ing  block,  the  operator 
])assing  them  on  in 
quantities  in  cradles 
by  means  of  an  over- 
head electric  crane  to 
the  SCI  ewing  machines 
which  may  number 
half  a  dozen  or  more, 
these  machines  being 
of  the  open  antcmiatic 
type.  The  machines 
are  so  placed  that  one 
end  of  the  tube  is 
screwed  by  one  ma- 
chine, the  opposite  end 
In-  another,  to  avoid 
turning  round,  and  thus 
saving  time  and  labour. 
After  screwing,  the 
tubes  are  passed  on 
to  the  proving  benches 
for  water  testing  under 
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a  pressure   of  aboat  600  lbs.  per 

square  inch. 

In  the  case  of  leakage  due  to  a  bad 
weld  these  are  generally  drawn  down  to 
a  smaller  size,  heated  to  welding  tem- 
p^ture  for  the  operation,  which 
mafces  them  into  a  sound  tube  again. 
The  sound  tubes  are  marked  by  the 
examiner  with  a  punch  as  a  guarantee 


crtbed  has  an  output  of  two  to  three 

times  what  could  be  produced  by  the 
older  methods  where  the  coal  fired 
famace,  less  machinery  and  more 
manual  labour  were  u<ed.  No  doubt 
the  gas  fned  furnace  is  a  great  factor 
in  an  u])  to-date  mill  especially  with 
large  firms  who  have  orders  at  their 
commands  to  keep  such  plants  running 
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of  their  having  been  properly  tested, 
and  are  passed  on  to  the  painters  to  be 
painted  in  their  respective  colours  for 
steam,  gas  and  water  as  the  case 
may  be. 

It  will  be  seen  that  in  a  properly 

arranged  and  u]i-to-date  mill  the  mate- 
rial is  delivered  at  one  end  ready  for 
mannfacturing  into  tubes,  and  by  the 

various  operations  recjuired  the  slri])  is 
carried  forw  ard  from  one  to  the  other 
in  raj)id  progression,  each  operation 
gradually  changing  its  shape  mto  the 
fini^hwl  tube.  Large  quantities  of 
tubes  may  thus  be  made  with  the 
minimum  of  labour,  electrically  driven 
machinery  ])laying  the  most  important 
part.    Such  a  plant  as  has  been  dcs- 


for  say  a  whole  week,  day  and  night 
on  one  size ;  by  so  doing  a  great 
economy  is  effected  and  probably  for 
this  reason  smaller  firms  cannot  so 
well  adopt  it,  they  havmg  to  be  content 
with  the  coad  fired  S3^tem  which  costs 
less  to  j)ut  down  and  with  a  corres- 
ponding production  and  less  profits. 
It  may  be  farther  noticed  that  in  the 
up-to-date  method  each  operation,  due 
to  the  mechanical  arrangement,  lends 
itself  to  close  inspection,  and  any  defect 
being  seen,  the  tube  can  be  thrown  out 
to  save  further  e.xpense.  And  with  a 
properly  balanced  mill  each  turn's 
work  is  furnished  and  delivoed  into 
the  warehouse  within  an  hour  of  the 
last  tube  going  thruuyh  the  rolls. 
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By  G.  Baul  fiarham,  A  Ml  EE 


IT  would  set-m  that  to  many  ("irms 
in  tlic  engineering  industry  adver- 
tising must  be  an  undesirable, 
almost  unclean  thing ;  something 
associated  with  blatancy,  vulgarity 
and  the  blowing  of  one's  own  trumpet. 
It  appears  to  hv  re.qardcd  in  the  light 
of  being  something  which  other  lirms 
might  do,  but  which  represents  a  level 
to  which  old-established  and  lii;,'hly 
respectable  engineering  lirms  cannot 
descend. 

By  a  small  proportion  of  the  remain- 
ing firms,  advertising  appears  to  be 
looked  upon  as  a  necessary  evil,  some- 
thing remotely  resembling  blackmail 
on  the  part  of  tlie  journals  who  hold 
orders  for  space  until  countermanded. 
The  copy  is  seldom,  if  ever,  changed, 
is  generally  anythinq  but  trllinq,  and 
there  is  an  unmistakable  air  of  protest 
pervading  the  advertisement.  There 
are  other  firms  to  whom  adxiTtising  is 
evidently  like  putting  on  a  clean  collar  ; 
something  which  has  to  be  done  for 
the  look  of  the  thint;.  hut  which  could 
very  well  be  done  without.  They 
have  no  advertising  manager,  not  even 
a  youngster  who  is  und<  ri^oin,t,'  a  course 
of  training  in  one  of  the  many  adver- 
tising schools.  The  duty  of  writing 
copy  is  undertaken  by  someone  who 
apparently  passes  it  on  to  the  man 
who  locks  up  the  warehouse  after 
business  is  done  for  the  day.  The 
impression  appears  to  be  that  any  one 
who  knows  what  the  firm  has  to  sell 
can  draw  up  an  advertisement ;  that 
one  advertisement  is  as  j^'ood  as 
another  ;  that  there  is  no  need  to  make 
an  advertisement  so  attractive  and 
forceful  as  to  compel  a  prospective 
buyer  to  read  it.  It  is  certainly  his 
business  to  find  the  advertisement  for 
himself,  and  if  he  does  not  trouble  to  do 
that,  or  docs  not  bother  to  read  it 


wlien  he  lias  found  it,  why  SO  much 
the  worse  for  liim  ! 

There  are  many  firms  in  the  enginecr- 
ing  industry  who  recognise  fully  the 
value  of  good  advertising,  who  spend 
money  freely  in  bringing  their  wares 
before  file  notice  of  users.  They  are 
open  to  take  up  and  carry  through 
any  scheme,  no  matter  how  startlingly 
new  it  may  be  ;  the  only  (juestion  that 
enters  into  the  matter  is  not  "  What 
will  it  cost  ?  **  but  "  Is  it  good  adver- 
tising ?  "  And  there  are  other  firms 
still,  fortunately  few  in  nimiber,  who 
employ  an  advertising  manager,  but 
carry  out  their  own  advratising  :  who 
say  tf)  the  man  they  engage,  "  This  is 
what  we  want  you  to  do  and  this  is 
exactly  how  we  want  you  to  do  it. 
We  lia\e  all  the  ideas  we  consider 
necessary  in  connection  with  adver- 
tising ;  all  that  you  are  to  do  is  to 
carry  them  out  !  "  It  is  tlierefnre 
hardly  to  be  wondered  at  that  with  the 
exception  of  a  small  proportion,  the 
advertisements  issued  by  engineering 
firms  appear  to  have  been  drawn  up  in 
a  far  trom  attractive  form.  Some  of 
them  evidently  have  been  written  and 
laid  out  without  any  clear  idea  as  to 
what  was  to  be  advertised  or  to  whom 
the  announcement  was  to  be  directed. 
It  is  in  the  advertisements  which  are 
presumably  intended  to  apjx-al  to  those 
who  stock  engineering  appliances  or 
who  make  use  of  them  in  their  work, 
that  the  weakness  chiefly  exists.  The 
advertisement  usually  takes  the  form 
of  a  l)ald  announcement  giving  the 
name  of  one  or  two  leading  lines, 
saying  nothing  whatever  about  them, 
their  price  or  their  merits,  and  con- 
cluding with  the  name  and  address 
of  the  advertiser.  There  is  often  no 
attempt  whatever  to  point  out  to  tlie 
retailer  the  business  he  may  be  expected 
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to  do  il  he  stocks  the  articles  adver- 
tised :    there  is  seldom  any  effort 

made  to  show  the  user  tlie  advantages 
he  will  gain.  Firms  wlio  are  in  the 
habit  of  advertising  in  this  particular 
manner  should  glance  througli  the 
advertising  pages  of  some  American 
engineering  journals  and  see  how 
advertising  to  retailers  and  users 
should  be  done.  In  advertisements  of 
a  somewhat  more  advanced  nature, 
there  are  signs  of  a  desire  to  arouse 
interest.  The  goods  are  described  as 
"  Best."  or  "  High  Grade,"  or — some- 
what timtdh  ;is  if  f<  aring  contradiction 
— *'  Cheajx'vt."  There  is  occasionally 
an  attempt  made  to  give  distinction 
to  the  advertisement,  in  which  case 
large  ty]><>  or  a  weird  arrangement  of 
rules  is  brought  into  service.  This  at 
times  results  in  the  name  and  address 

of  the  firm  being  either  left  out  alto- 
getlicr  or  so  separated  from  tlie  rest 
of  the  ad.  as  to  appear  either  to  be  a 
small  announcement  in  itself,  or  part 
of  someone  else's  advertisement.  It 
might  as  welt  be  made  clear  here  that 
the  technical  journals  in  which  such 
advertisements  appear  are  blameless 
in  the  matter.  It  is  their  province 
to  set  up  the  copy  sent  them  in  the 
way  the  firm  want  it  done.  They  are 
at  all  times  ready  to  assist  their 
advertisers  to  draw  up  copy,  but  the 
trouble  is  that  the  engineering  firms 
have  strong  ideas  of  their  own  ;  they 
rather  resent  interference  and  look 
upon  any  offer  of  the  kind  with  sus- 
picion ;  they  feel  they  know  their 
own  business  best. 

As  a  general  thing  tlie  afh  crtisernenfs 
addressed  to  retailers  urging  them  to 
sell  certain  goods  to  the  public  are 
drawn  up  much  better  than  those 
which  urge  engineers  to  make  use  of 
tools,  materials  or  specific  apjjlianccs  of 
a  ]>atented  or  special  nature.  When 
advertising  to  the  public  it  is  evidently 
realised  tliat  something  must  be  said 
regarding  the  goixi  points  of  the  article 
to  be  sold  Manufacturers  appear  to 
understand  tiiat  the  trade,  generally 
speaking  is  the  medium  through  which 
the  public  can  be  reached,  and  many  of 
these  advertisements  arc  illustrated, 
and  a  fair  proportion  contain  an  abbre- 
viated description  of  the  appliance  and 


an  intimation  that  further  particulars 
can  be  obtained  by  writing  for  tham. 

But  even  these  advertisements  are 
frequently  marred  by  bad  setting  ;  engi- 
neers as  a  body  do  not  appear  to  realise 
that  the  use  of  a  quantity  of  large  ty])c 
of  the  same  or  practically  the  same  size 
is  one  of  the  greatest  errors  that  can  be 
made  when  drawing  up  an  advertise- 
ment. Large  type,  the  words  crowded 
togc  tlier,  does  not  arrest  the  eye  ;  it  tires 
it.  Tlie  letters  run  into  each  other,  and 
the  advertisement  is  difficult  to  read. 
The  use  of  large  type  is  to  be  depre- 
cated ;  a  statement  that  may  be  read 
with  amazement  by  thos(>  firms  in  the 
engineering  industry  wlio  ajiparently 
hold  the  idea  which  is  acted  upon  by 
those  who  draw  up  music  hall  }>(>sters, 
that  the  greater  the  importance,  the 
larger  the  tyi^e.  Further,  in  such 
advertisements  an  effort  is  often  made  tO 
call  attention  to  a  number  of  articles. 
The  effect  obtained  is  that  of  confusion  ; 
the  advertisement  looks  flat,  it  does  not 
stand  out  prominently  before  the  reader 
in  nine  cases  out  of  ten  he  misses  it 
altogether.  It  is  only  a  very  small  pro- 
portion of  advertisers  in  the  engineering 
trades  who  realise  the  value  of  good 
white  space  :  who  understand  the  value 
of  meat  and  effective  contrast.  There 
are  few  titings  less  attractive,  less 
likely  to  catch  the  eye  than  an  unbroken 
uniformity  of  lettering,  whether  it  be 
large  or  small,  heavy  or  light.  At  the 
same  time  violent  contrast  should  l>e 
avoided.  The  contrast  of  large  and 
small  i\'\xi  is  only  permi.ssible  in  full 
page  ads.  in  a  ioumal  with  a  fair  sized 
slieet.  In  half  and  (piarter  pages 
medium  and  small  type,  as  neat  and 
clear  as  possible,  is  what  is  wanted ; 
otherwise  the  contrast  is  apt  to  be 
grotesque,  and  the  advertisement  is 
tlirown  out  of  harmony. 

It  requires  a  certain  ability  to  draw 
up  grwid  telling  descriptive  matter, 
and  the  announcements  of  those  firms 
who  employ  an  advertising  manager,  or 
who  give  anxious  thought  to  the  word- 
ing of  the  descriptive  matter  they  })ub- 
lish  are  easily  distinguishable  from  the 
rest.  Amoni:>-t  tlie  ine.xperienced there 
is  a  tendency  either  to  high-falutin'  or 
the  exact  opposite  ;  the  descriptions 
are  |dther  flamboyant*  full  of  such 
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adjectives  and  expressions  as  "  linest.'* 
"  remarkably  efficient."  *'  highest  poss- 
ible standard  of  (juality."  "  Inst  jMtss- 
ible  materials  under  the  most  perfect 
supervision."  and  the  like,  or  else  they 
are  terse  and  bald  in  the  extreme. 
Incidentally  it  may  bo  mentioned  that 
of  the  two  the  latter  are  the  more  likely 
to  be  read  even  if  the  reading  leaves  the 
reader  apatlietic  and  imomvinced. 

The  drafting  of  an  advertisement, 
especially  one  which  contains  descrip- 
tions of  goods  advertised,  is  work  which 
requires  literary  ability,  and  in  this 
the  first  thing  necessary  and  the  one 
thing  that  is  essential  is  a  good  vocabu- 
lary. The  repeated  use  of  the  same 
expression,  or  even  of  the  same  verb 
or  adjectiN  i',  wenries  a  reader.  He  may 
not  be  able  to  word  the  idea  ditlcrently 
himself,  but  he  recognises  fully  the 
other  man's  inability  to  do  so.  The 
passessiou  of  a  good  vocabulary 
does  not  mean  that  the  advertisement 
should  be  worded  in  what  may  be 
tenned  "  fine  language,"  or  that  use 
should  be  made  of  fine  resounding 
phrases.  In  tr;ul(>  adverts.,  AS  ft 
matter  of  fact,  plain  simple  wording 
is  what  is  wanted.  What  is  meant  is 
that  the  writ<'r  should  have  an  accurate 
knowledge  of  the  King's  English,  of 
grammatical  construction,  should  be 
able  to  write  without  using  halting 
phrases,  should  have  an  instinctive 
knowledge  of  the  most  appropriate 
words  to  use  and  possess  a  sense  of 
proportion  which  will  prevent  him 
wasting  g(X)d  expressions  on  un- 
essentials,  and  thereby  shrouding  to 
some  extent  the  \ery  things  wliich 
should  be  brought  out  most  pro- 
minently. 

It  is  with  the  advertisini:  to  the  users 
of  tools,  appliances  and  materials 
that  the  principal  waste  of  money 
occurs  in  the  engineering  trades,  and 
it  would  almost  seem  as  though  a  large 
number  of  the  firms  in  the  industry 
do  not  trouble  their  heads  as  to  whether 
the  advertising  does  or  does  not  pay. 
It  must  be  admitted  that  there  is  a 
difficulty  in  connection  with  enqineer- 
ing  advertisements,  or  inilee(l  with 
those  of  any  other  highly  skilled  and 


specialised  trade,  which  does  not 
obtain  in  the  case  of  ordinary  firms 

who  advertise  to  the  public.  The 
difticuliy  is  to  trace  results.  The 
returns  from  the  advertising  in  some 
particular  journal,  for  example,  a 
patent  food  or  a  billiard  table  can  be 
ascertained  with  accuracy  ;  the  adver- 
ti>e[nent  where  the  name  and  addr^ 
of  a  firm  is  well  known,  it  is  useless 
to  think  of  keying  the  ad.  in  any 
of  the  usual  forms  by  giving  a  slight 
variation  to  either  the  name  or  the 
address,  or  asking  for  inquiries  to 
be  addressed  to  some  particular  de- 
partment. Neither  can  the  couj^mn 
system  be  adopted  as  few,  if  any,  of 
the  retailers  in  tne  engineering  industry, 
who  are  themselves  engineers  in  nine 
cases  out  of  ten,  would  ever  trouble 
to  fill  one  up.  A  form  of  key  that 
may  sometimes  be  used  is  to  give,  in 
the  advertisement,  a  distinctive  title 
or  description  to  a  catalogue,  which 
it  is  suggested  should  be  applied 
for:  "Send  for  list  E.F.  41,"  for 
example.  Even  then,  many  replies 
will  be  received  merely  saying,  "  Please 
send  catalogue,"  and  it  will  be  impossi- 
ble to  say  whether  the  request  is  the 
result  of  the  advertisement,  or  is 
merely  due  to  the  inquirer's  sudden 
desire  for  a  list  from  a  hrm  whose  name 
and  goods  he  has  known  for  some  time. 
This  latter  is,  of  course,  an  example  of 
the  cumulative  effect  of  advertising. 
The  engineering  firm  should  remember 
that  good  advertising  is  an  invest- 
ment that  will  bring  returns  until  its 
capital  cost  has  been  repaid  several 
times  over.  Kven  the  effect  of  a  bad 
advertisement  is  not  necessarily  lost ; 
it  is  sometimes  read  and  the  name  of 
the  firm  may  linger  in  the  mind. 
There  are  people  in  the  engineering 
industry  wno  say  they  are  never 
influenced  by  an  advertisement  ; 
consciously  they  may  not  be,  but  a 
good  and  attractive  advertisement, 
well  thought  out.  cleverly  drawn  up 
and  pro|x^rlv  set  will  have  a  lasting 
effect  on  the  mind  of  the  man  who 
sees  it,  even  if  he  refuses  to  read  it, 
or  neglects  to  give  it  a  second 
glance. 
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THE  CHINESE  AS  ENGINEERS 

By  C  A.  IIL  Sinii:i,  H.Se..  1I.LH.B. 


IT  is  a  fact  beyond  cavil  that  {^reat 
changes  have  taken  place  during 
tlie  last  few  years  in  the  Far 
Hast.  A  political  revolution  has  suc- 
ceeded in  China ;  an  industrial  revolu* 
tion  is  commoncin.c;.  Diirinj:,'  the  five 
years  since  lyoiS  more  changes  have 
taken  place  in  Canton — the  most  pro- 
gres-ivr  city  in  Cliina  than  in  tlie 
receding  2.000  years.  Western  science 
as  been  introduced  in  the  following 
practical  manner  :  Electric  light  is 
obtainable,  street  scavenging  takes 
place,  there  is  a  road  wide  enough  for  a 
wlieclcd  vehicle,  there  is  a  railway  near 
tile  city,  and  an  airship  has  circled  over 
the  heads  of  the  multitudes  of  dwellers 
in  Canton. 

If  wo  come  lo  details  we  can  mention 
the  introduction  of  reinforced  concrete, 
internal  combustion  engines,  electric 
motors,  a  great  scheme  for  telephones, 
a  project  for  electric  tramways,  the 
sudden  disappearance  of  the  queue  (or 
pigtail),  and  the  amazing  fact  that  in  a 
few  weeks  China  discarded  the  old 
type  of  circular  cap,  and  was  re-hatted 
with  European  style  felt  headgear. 

It  is  almost  symbolical  of  what  is 
happening  out  here — ^the  Cliinese  mer- 
chant who  walks  along  the  road  in  a 
flowing  skirt  of  gorgeous  blue  brocaded 
silk  and  a  felt  hat  such  as  is  seen  in 
London  or  the  Riviera. 

That,  however,  is  a  change  that  is 
obvious  to  the  visitor.  Hut  wliat  is  not 
so  apparent  is  the  fact  that  the  Chinese 
engineer  has  arrived.  For  the  last 
twenty  or  thirty  years  young  Chinese 
students  have  been  trained  in  the  tech- 
nical institutions  of  Europe  and 
America.  Many  have  also  gone  to 
Japan  to  earn  scientific  work.  They 
ha\e  come  to  China — and  China  is 
beginning  to  agree  with  them  that  if 


the  nation  wishes  to  become  anything 
but  a  cat's  paw  for  others,  then  she 
must  acquire  a  full  working  knowledge 
of  twentieth  century  science.  That  is 
one  reason  why  to-day  we  have  palatial 
buildings  and  well-equipped  labora- 
tories in  tJiis  Colony.  The  most  "  mod- 
ernised '*  among  the  Chinese  are  from 
Hong  Kong,  and  they  ha%'e  thoroughly 
welcomed  the  scheme  wliich  provides 
their  sons  with  University  eduotion  of 
the  same  calibre  as  that  given  in  Europe 
or  America. 

There  is  another  influence  which  has 
been  affecting  the  Cantoneae,  tec  South- 
ern Chinese.  TTong  Kong  is.  as  regards 
tonnage  of  shij)i)ing.  the  greatest  port 
in  the  world.  In  the  magnificent  road- 
stead rid("  the  majestic  liners  of  the  P. 
and  O.  Company,  and  hundreds  of  other 
passaigo-  and  cargo  steamers.  As  the 
size  of  the  port  has  multiplied  itself, 
the  amount  of  repairs  to  be  done  has 
also  increased  greatly.  And  so,  to  the 
great  surprise  of  the  engineering  visitor, 
Hung  Kong  has  provided  itself  with 
some  splendid  docks  and  repair  yards. 
The  chief  of  these  belong  to  the  Hong 
Kong  and  Whompoa  Dock  Co.  and  the 
Taikoo  Shipbuilding  and  Engineering 
Co.  These  yards  are  not  only  capable 
of  shipbuilding,  but  marine  engines 
and  other  types  of  modern  machinery 
are  built  there.  Speaking  in  quite 
approximate  figures,  some  8,000  to 
10,000  hands  are  employed  in  the  two 
establishments. 

Most  of  the  foremen  are  European, 
but  the  Cantonese  is  a  mechanic  by 
instinct,  and  requires  but  little  instruc- 
tion. In  tlie  naval  yard  a  large  number 
of  fitters  are  also  employed  and  in  any 
of  these  engineering  establishments 
tluy  introduce  the  latest  automatic 
machine  tools  without  any  anxiety. 
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John  Cliinaman  quickly  tumbles  to  the 
new  idea — very  much  more  quickl}'  tlian 
the  average  European. 

Several  of  the  more  clever  mechanics 
have  commenced  small  enjy;ineering 
works  of  their  own  in,  or  near,  Hong 
Kong.  They  have  a  courage  and 
tenacity  in  their  work  which  is  amaz- 
ing. A  man  of  little  or  no  financial 
resources  will  undertake  to  build  a 
boiler  for,  let  us  say,  a  vessel  over  loo 
ft.  long.  He  obtains  the  plates,  places 
them  in  the  corner  of  a  field,  puts  a 
mat-shed  roof  over  them,  and  begins 
to  build  the  boiler  !  For  the  life  of 
me  I  find  it  impossible  to  e.xplain  how 
it  is  done,  and  it  would  certainly  be 
futile  to  attempt  to  convince  the  reader 
that  such  a  thing  is  at  all  feasible.  No 
proper  tools,  no  knowledge  of  the 
elementary  principles,  simply  a  wonder- 
ful memory  wliich  retains  the  picture 
of  a  boiler  constructed  years  ago,  and 
then — well,  the  (iovernment  Board  of 
Trade  Surveyor  tests  it  according  to  all 
rules  and  regulations,  and  the  amazing 
thing  is  that  the  boiler  passes  the  test. 


A  few  months  ago  the  writer  ob- 
tained the  ser\'ices  of  a  Chinese 
mechanic  from  one  of  these  dock 
companies.  A  little  later  the  first 
portion  of  our  engineering  ecjuipment 
arrived,  namely,  a  Campbell  oil  engine. 
The  mechanic  had  repaired  steam 
engines,  but  had  absf>lutely  no  know- 
ledge of  gas  or  oil  engines.  Yet  he 
erected  the  engine.  For  a  day  he 
puzzled  himself  with  the  ring  lubri- 
cators for  the  bearings.  He  was 
left  to  his  own  resources.  After 
trying  them  in  every  conceivable 
place,  he  had  an  idea  that  they  had 
some  connection  with  either  the  valve 
or  governor  arrangements,  but  he  finally 
put  them  in  all  right.  Andjto-day  the 
engine  stands  erected  and  in  working 
order. 

Patience,  perseverance  and  a  real 
mechanical  instinct — those  arc  the  chief 
characteristics  of  the  Cantonese.  They 
arc  not  perfect — nor  is  anyone.  But 
they  are  wonderful  eui^ineers. 

To-day  China  is  awake  ;  and  what  is 
of  more  imjwrtance,  China  contains 
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iron  ore.  When  the  great  Eastern 
nation  works  in  iron  and  steel,  as  other 
nations  have  done — and  there  is  every 
reason  to  be  sure  that  Cliina  willdoso — 
then  the  future  will  reveal  some  extra- 
ordinary changes  in  the  might  of  that 
country  as  now  compared  with  that  of 
other  great  world  powers. 

From  a  slight  knowledge  of  the 
Chinese  character,  the  writer  may  be 
allowed  to  state  emphatically  that  the 
whole  world  will  benefit  by  the  great 
awakening  of  China.  For  the  sons  of 
that  nation  will,  at  no  distant  date, 
startle  the  world  with  their  valuable 
contributions  to  scientific  researches. 
Only  the  ignorant  fear  the  spread  of 
knowledge.    The  progressive  engineer 


will  welcome  the  Westernisation  of 
China  for  the  huge  stores  of  natural 
resources  in  that  part  of  the  world  will 
enrich  everyone  in  the  world.  The 
spread  of  applied  science  has  taken  the 
life  of  mankind  out  of  a  state  of  village 
outlook,  and  wc  are  all  of  us  aware 
that  we  are  each  year  reaching  nearer 
to  a  planetary,  rather  than  a  national, 
existence.  We  all  of  us  hope  that  all 
nations  will  retain  what  is  best  in  their 
traditions,  but  we  cannot  afford  to  for- 
get that  the  prosperity  of  any  one 
nation  also  means  mcreased  prosperity 
for  all  others.  The  Chinese  engineer 
will  add  greatly  to  the  material  wealth  of 
the  universe  by  developing  the  minerals 
and  water  power  of  his  native  land. 


Current 

Internationid  Electro-technical  Com- 
mission. 

AM  EETING  of  the  above  will  be  held 
in  Berlin  from  September  ist  to6th. 
The  Special  Committees  on  nom- 
enclature, symbols,  rating  of  electrical 
machinery  and  prime  movers,  which 
have  been  working  continuously  since 
the  Turin  meeting  of  1911,  are  to  hold 
meetings  in  Berlin  prior  to  those  of  the 


atopics 

full  Commission,  in  order  to  have  a 
further  op}x>rtunity  of  discussing  the 
latest  modifications  to  their  reports, 
suggested  by  the  National  Committees. 
The  result  of  these  meetings  will  be 
embodied  in  the  reports,  which,  thus 
modified,  will  be  considered  at  Working 
Sessions  of  the  whole  Commission. 
When  agreed  to  in  their  final  form,  they 
will  l>e  submitted  to  the  plenary  meet- 
ing for  ratification. 
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It  is  hoped  that  at  the  official  opening 
which  will  take  place  on  Wednesday,  the 
3rd,  a  distinguislied  German  oftu  ial  will 
present  the  address  of  welcome  to  the 
Forei^  Delegates.  A  ban(iuct  is  to 
be  given  by  the  German  Committee 
the  same  evening. 


Two  Aerial  Railways. 

LE  GENIE  CIVIL"  gives  a 
dcstription  of  the  new 
passenger  aerial  railway  which 
has  been  installed  in  the  Tjnrol. 
from  Lana  to  the  Vigiljoch  mountain. 
These  aerial  ropeways  afford  a  most 
convenient  means  of  conveying  ore. 
merchandise  or  passengers  over  ground 
where  it  is  difhcult  to  arranjgc  trans- 
port by  ordinary  means.  Tnere  are 
now  stnen  pa-^senger  wire-rope  rail- 
ways in  use  or  in  process  of  construc- 
tion ;  one  in  France,  from  Chamonix  to 
the  Aiguille  du  Midi  ;  two  in  Switier- 
land  on  the  Jungfrau  massif,  one  tO 
tile  Wettcrhorn  and  the  other  to  the 
Eiger  ;  one  iti  Spain  at  San  Sebastian  ; 
one  at  Rio  Janeiro,  and  two  in  the 
lyrol.  one  on  the  Kohlerberg  near 
Bo/.en,  and  the  other  from  Lana  to  the 
X'itjiljoch.  Meran,  one  of  the  chief 
towns  of  the  Tyrol  has  been  connected 
for  some  years  by  an  electric  railway 
with  the  small  town  of  Lana.  a  distance 
of  nine  miles.  In  order  to  increase  the 
traffic  on  this  railway  an  aerial  railway 
has  been  constructed  for  tourists  to 
facilitate  the  ascent  of  tiie  Vigiljoch 
which  overlooks  the  valley  in  which 
Lana  is  situated.  This  aerial  railway 
was  constructed  by  tlie  hrm  of  Ccretti 
and  Tanfani,  of  Milan,  and  has  been 
in  service  since  Auju'ust.  i<)i2.  The 
same  firm  is  now  installing  the  aerial 
railway  at  Chamonix.  The  Vigiljoch 
line  is  divided  into  two  sections  with 
one  intermediate  station,  but  the 
Chamonix  line  will  have  four  sections. 
For  purposes  of  equilibrimn  and  for 
convenience  of  operation  the  cars  are 
arranged  in  pairs,  one  ascending  while 
the  other  desc  ends,  with  a  continuous 
motion  l)etwten  the  stations.  The 
length  of  the  line  from  Lana  to  Vigil- 
joch is  1,877  metres,  tlx-  first  section 
Ix'ing  905  metres  long.  The  difference 
in  level  is  1,153  metres,  tliat  is  520  for 


the  first  section  and  633  for  the  second. 
The  cars  arc  equipped  with  brake, 
catch  and  safety  appliances  and  carry 
hfteen  passengers  each,  including  the 
conductor.  Signalling  and  telephone 
appliances  are  providetl  t<»  furnish 
means  of  communication  between  the 
stations  and  between  these  and  the 
cars. 

In  the  '■  Zcitschrift  des  \  ereines 
Deutscher  Ingenieure."  for  June  14th. 
Mr.  Albert  Pietrkowski  gives  a  dt  srrip- 
tion  of  the  new  passenger  aerial  rail- 
way in  Rio  de  Janeiro.  This  wire- 
rope  railwav  con-^i-ts  of  two  independ- 
ent sections,  the  lower  from  the  city 
to  the  top  of  the  hill  called  Morroda 
I'rra.  This  line  is  373  metres  long 
and  the  difference  of  level  between 
the  lower  and  upper  stations  is  200 
metres.  The  upjK-r  section  begins 
at  a  station  which  is  situated  at  a 
horizontal  distance  from  the  u^ier 
station  of  the  lower  section.  This 
section  conducts  passengers  to  ihc 
top  of  the  well-known  Sugar  Loaf 
(Pad  de  Assucar.)  Its  length  is  s. , 
metres  and  the  difference  of  I.m  1 
between  the  two  stations  is,  like  that 
of  the  first  section.  200  metres.  Both 
sections  cf)nsist  of  free  hanging  wire- 
ropes  without  any  supports  bttween 
the  two  extremities.  The  cars  carry 
16  pas<.'ngers  and  the  conductor. 
The  railway  was  constructed  by  the  firm 
of  Pohlig  and  Co..  of  Cologne,  and 
the  first  section  began  running  on 
27th  October,  1912,  the  second  or 
upper  section  beginning  on  iqth 
January,  i<)i3.  In  Tebruary  and 
March  of  the  present  year  the  number 
of  |Kissengers  carried  were  7.4S3  and 
7.22S  respectively.  This  heavy  tralfir 
has  far  exceeded  the  expectations  of 
its  enterprising  owner  and  provides  a 
substantial  return  for  the  capital 
invested.  The  city  of  Rio  de  Janeiro, 
which,  from  its  situation  on  one  of  the 
most  beautiful  bays  in  the  world,  has 
recenth'  been  visited  by  a  constantly 
increasing  number  of  tourists,  has 
also  been  furnished  with  another 
scenic  attr  i'  lion.  The  top  of  the 
Sugar  Ltiat  or  Pau  de  Assucar,  which 
the  aerial  railway  has  now  made 
accessible,  commands  a  splendid  vi-  w 
of  the  city  and  harbour  with  its  numer- 
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ous  islands.  It  was  formerly  quite 
inaccessible  to  the  general  public  for 

only  expert  mountaineers  dared 
attempt  to  make  its  ascent. 


Hope  for  Telephone  Subscribers. 

PERHAPS  a  recent  invention  of 
Dr.  Glover,  of  the  Paris  Conserva- 
toire, may  do  something  to 
obviate  in  the  future  the  annoyance 
occasioned  by  frequent  "  wrong  num- 
bers "  and  other  inccmveniences  arising 
from  indistinct  transmission  on  the  tele- 
phone. The  doctor  in  the  course  of  his 
investigations  on  the  human  voice 
discovered  that  certain  sounds,  more 
particularly  those  containing  the  conso- 
nants M  or  N  are  really  emitted  through 
the  nose,  and  not  the  mouth.  Thesr 
sounds  can  very  easily  be  lost  to  the 
microphone  of  the  ordinary  telephone, 
which  is,  of  course,  covered  by  the 
mouth  of  the  speaker,  so  Dr.  Glover  hit 
upon  the  idea  of  providing  another 
microphone  to  receive  the  sounds  emit- 
ted by  the  nose.  According  to  "La 
Science  et  La  Vic,"  the  improvement  in 
transmission  was  Very  marked  in  the 
tests  that  were  carried  out  both  over 
long  and  short  distances,  every  syllable 
being  distinctly  audible.  We  submit 
this  simple  contrivance  to  the  con- 
sideration of  our  own  telephone 
authorities. 


IttStitatc  of  Marine  Engineers. 

BUILDING    operations    are  now 
being  begun  on  the  Tower  Hill 
site  secured  by  the  Institute  for 
new  headquarters  more  worthy  of  it. 

A  total  sum  of  £"12,000  was  reqiiired. 
of  which  £6,000  has  already  been 
subscribed,  and  it  is  hoped  that  the 
remaining  £6,000  will  be  forthcoming 
during  the  current  year,  so  that  the 
premises,  which  will  probably  be  com- 
pleted in  the  early  part  of  next  year, 
may  be  opened  with  all  financial  obliga- 
tions fulfilled. 

As  the  annual  income  of  the  Institute 
is  small  in  consequence  of  the  com- 
paratively low  rate  of  annual  subscrip- 
tion it  has  been  found  necessary  to 
make  an  appeal  over  a  wider  area  than 
that  covered  by  the  membership,  but  in 
view  of  thegreat  services  rendered  to  the 
Mercantile  Marine  as  a  whole  by  the 


Institute,  we  trust  that  this  appeal 
will  meet  with  the  success  it  deserves, 
and  that  all  interested  in  the  progress 
of  British  shipbuilding  will  take  this 
opportunity  to  recognise  in  a  practical 
manner  the  valuable  work  performed  by 
it. 

Many  shipping  and  shipbuilding 

firms  have  alKmly  subscribed  gener- 
ously, but  further  contributions  are 
necessary  in  order  to  carry  the  scheme 
to  a  successfvd  issue,  and  all  donations 
will  be  gratefully  received  by  the 
Committee  at  the  old  offices  at  58, 
Romford  Road,  Stratford,  £. 


CORRESPONDENCE 

Toothed  Gearing. 

Dear  Sir, — Referring  to  the  letter 
of  Messrs.  The  Power  rknt  Co.,  Ltd.,  in 
your  July  issue,  on  the  subject  of 

Toothed  Gearing."  I  quite  agree 
that  the  excellent  gearing  put  forward 
by  that  company  may  effect  a  saving 
in  space  and  efficiency  as  compared 
with  the  ordinary  type  of  double 
helical  reduction  gearing.  The  point  I 
made,  however,  was  that  the  double 
helical  reduction  gearing  is  more 
expensive  than  straight  cut  gearing, 
and  this  your  correspondents  have  not 
disputed.  I  admit  that  I  was  not 
considering  special  t\pes  of  gearing, 
such  as  the  "  P.  P.",  and  that  the 
adoption  of  such  mechanisms  is  often 
advantageous  in  the  long  run,  allowing 
a  higher  motor  sjieed  than  would 
otherwise  be  permissible  with  a  gear 
reduction. 

If  your  correspondents  will  refer 
to  the  original  article,  they  will  note 
that  I  stated  expressly  that  double 
helical  gears  can  be  run  at  very  much 
higher  speeds  than  straight  cut  gears, 
but  I  am  sure  they  will  agree  that 
1,000  ft.  per  min.  is  the  safe  all-round 
limit  for  the  latter. 

With  regard  to  the  Power  Plant 
Co.'s  remarks  about  ball  bearing 
motors  and  the  grooving  of  commuta- 
tors, 1  would  point  out  that  the  use  of 
ball  bearings  for  large  direct  current 
motors  has  not  proved  altogether 
satisfactory  in  practice,  and  this  type 
of  bearing  is  now  generally  confined  to 
motors  of  4  or  5  H.P.  and  less,  and 
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then  by  no  means  to  the  majority  of 

machines.  In  such  small  size  motors 
the  brush  pressure  on  the  commutator, 
and  the  currents  carried,  are  so  small 
that  grooving  is  not  serious.  In  this 
connection,  one  large  electrical  concern 
built  a  considerable  number  of  ball- 
bearing rotary  converters,  btit  has  now 
dropped  this  practice.  Without  ball 
bearings  they  are  able  to  fit  a  shaft 
oscillating  devirc  for  the  express 
purpose  of  eliminating  grooving. 
Without  some  freedom  of  axial  move- 
ment, even  though  the  brushes  are 
staggered,  a  certain  amount  of  groov- 
ing is  imavoidable  outside  the  brashes, 
and  although  it  may  bo  roduccd  by 
proper  care  and  attention,  it  is  un- 
fortunately the  fact,  in  practical  opera- 
tion, that  engineering  machinery  does 
not  always  get  the  attention  it  deserves 
by  a  very  long  chalk.    It  is,  therefore. 


necessary  to  take  every  precaution  to 
pre\ent  possible  troubles  by  features 
in  the  design. 

Whilst  the  Power  Plant  Co.  im- 
doubtcdlv  put  forward  a  sound  speed 
reduction  proposition,  in  view  of  the 
facts  of  the  case  as  they  have  been 
brought  home  to  mo  by  many  years' 
experience  in  industrial  electric  motor 
applications,  I  still  think  that  a  large 
slow  speed  motor  direct  coupled  to  a 
line  shaft  gives  the  best  all-round 
results,  especially  in  the  case  of  direct 
current  or  a.c.  commutator  machines. 
01  course,  where  large  speed  reductions 
are  necessary  I  freely  admit  that 
"  P.  P."  and  similar  ;i]iparatus  will 
often  be  far  the  best,  but  in  my  article 
I  had  in  mind  the  ordinary  case  of 
speed  ratios  of  about  4.5  to  I  and  less. 
— Yours  truly, 

The  Writer  of  the  Article. 


BOOK 

All  the  World's  Aircraft,  1913. 

By  Fred  T.  Jane.  Sampson  I.ow,  Mar-.tun  i^mi  C<>., 
Ltd.,  London. 

Just  as  "  Jane's  Fighting  Ships  "  is 
the  standard  work  of  reference  for 
international  naval  information  80  "  All 
the  World's  Aircraft  "  has  become  the 
recognised  medium  of  aeronautical 
intelligence.  It  is  arranged  somewhat 
on  the  lines  of  "  Fighting  Ships."  but  is 
divided  into  four  parts.  The  first  deals 
with  the  aeroplanes  and  dirigibles  of  the 
various  countries  in  alphabetical  order. 
This  section  contains  a  list  of  Aerial 
Societies,  Aerial  Journals,  Flying 
Grounds,  private  and  military  aviators 
and.  of  course,  details  of  aircraft  built 
and  building,  including  whorever  avail- 
able photographs  and  plans  of  the 
machines. 

The  second  section  contains  ilhistra- 
tions  and  particulars  of  "  Historical 
Aircraft/'  that  is  to  say  of  all  craft 
notable  for  special  achievements  or 
peculiarities  of  design  during  the  last 
six  years.  Part  three  includes  specifi- 
cations and  photographs  of  the  world's 
aerial  engines,  and  part  four  is  an 
aerial  "  Who's  Who  "  and  directory. 
A  useful  glossary  of  technical  terms  in 
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five  European  languages  is  also  given. 
In  the  preface  Mr.  Jane  draws  attenti(m 
to  the  revival  of  interest  in  the  dirigible, 
and  the  extinction  of  the  idea  that  it 
could  only  exist  at  the  expense  of  the 
aeroplane.  It  is  now  realised  that 
both  are  interdi  pendent,  and  each  have 
their  separate  uses.  He  considers, 
however,  except  as  a  war  machine, 
the  aeroplane  is  of  little  use,  so  the 
pendulum  has  really  swung  the  other 
way.  In  regard  to  the  military  aspect 
special  stress  is  laid  on  the  necesaty 
of  having  first  of  all  firms  able  to  turn 
out  aeroplanes  in  large  numbers,  and 
sernndly  a  large  reserve  of  trained 
aviators.  It  appears  that  merely  civi- 
lian aviators  will  not  be  of  much  use  for 
war  purposes  :  som<'  military  training  is 
essential.  It  must  be  remembered  that 
one  month  is  probably  the  utmost 
limit  of  the  effeetivelife  of  an  aeroplane 
on  liard  active  service ;  properly 
equii)ped  firms  capable  of  turning  out 
efficient  machines  cannot  be  improvised 
on  the  spur  of  the  moment,  hence  the 
necessity  of  tleveloping  the  resources 
of  the  country  in  this  direction.  Given 
the  firms  and  plant,  machines  can  be 
turned  out  very  rapitlly.    Bearing  in 
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mind  the  foct  that  the  use  of  aeroplanes 

is  practically  confined  to  military 
purposes,  and  tliat  tlie  demand  is  thcrc- 
lore  necessarily  limited,  it  is  essential 
that  the  Govmiment  should  do  all  in 
its  power  to  encouraRo  thodovt  lojinient 
of  such  firms  as  \vc  have  mentioned. 

In  the  present  edition  certain  im- 
provements hav(>  been  made,  notably 
the  at>olition  of  the  old  arranfiement  ot 
separately  grouping  monoplanes, 
biplanes,  etr.  There  is,  however,  one 
further  improvement  we  would  suggest, 
the  provision  of  a  thumb  index  as  in 
"  Fif^hting  Ships."  The  volume,  as  we 
have  said  is  a  standard  work  and.  of 
course  b  indispensable  to  all  those 
needing  data  on  this  vitally  important 
subject. 


A  Manual  of  Marine  Engineering. 

By  A.  E.  Seatrtu.  M.I.C.K..  M.I.N. A.,  M.I.. 
Mech.E.,  &c.  tylh  Mlition.  revtii-d  .m*!  rnlarutd. 
CharlM  Griffin  &  Co.,  Limited.  I.diuloii.  3  .-H*. 
nrt. 

In  the  17th  edition  this  most  excel- 
lent text  l)ook  has  been  brought  right 

u})-to-date,  and  contains  all  the  latest 
marine  engineering  theory  and  practice. 
The  work  embodies  a  mass  of  informa- 
tion on  the  various  types  of  marine 
engines  and  boilers,  and  should  be  of 
great  practical  value,  both  to  the 
advanced  student,  and  t<>  tin-  engineer- 
ing profession  in  general.  The  various 
rules  and  formulae  are  given  in  a  most 
concise  manner,  and  the  xequired  ex- 
planations are  very  clear.  A  great 
feature  of  the  work  in  the  section 
devoted  to  the  various  auxiliaries  fitted 
in  warships.  This  feature,  in  manv 
engineering  works,  has  not  been  t.;iveii 
the  consideration  its  ini])ori.m<t' 
deSLTVes.  Wlu  n  it  is  considered  tli.it 
the  many  au.\iliary  engines  fitteil  in 
these  vessels  play  as  equally  an 
iiiijiortant  part  as  the  main  propellin;,' 
machinery  of  the  ship,  this  section 
should  prove  of  great  interest  to  all 
connected  with  naval  engineering. 


The  oil  engine  is  dealt  with,  and  the 
advances  made  in  this  type  of  prime 
mover  are  discussed.  In  tlie  turbine 
section,  the  combination  of  the  recipro- 
cating engine  and  the  marine  turbine, 
as  the  idtiniate  economical  combination 
for  war  and  merchant  ships,  is  duly 
considered.  The  various  types  of 
torsion  meters  are  also  fully  de.ilt  witli 
The  part  ileiiJing  with  the  efficiency  of 
the  component  parts  should  prove  of 
great  interest.  A  valuable  asset  of  this 
book  is  the  section  containing  the 
various  rules  and  formulae  for  ma- 
chinery and  boiler  tests  now  adopted 
by  tlie  various  countries  The  illus- 
trations, of  which  there  are  a  great 
number,  are  excellent,  enablim;  the 
text  to  be  followed  with  much  greater 
rapidity.  Hie  whole  production 
reflects  great  credit  on  its  gifted  author. 


Hcatmtf  Systems.  Design  ol  Hot 

Water  and  Steam  Heating  Apparatus. 

llv  F.  W,  Raynrs.  Longman«,  Gieen  &  Co.,  Lon- 
don, t'liy.     10%.  6d.  net. 

Tliis  book  embodies  the  most  modern 
practise  on  the  particular  branch  of 
engineering  with  which  it  deals.  The 
various  s\stems  of  steam  and  water 
heating  such  as  exhaust  steam,  vacuum 
and  vacuo  vapour  are  fully  described 
and  excellently  illustrated.  There  is 
a  chapter  devoted  to  a  more  general 
view  of  the  question  of  heating  and 
ventilation,  while  another  deals  with 
heat  losses  from  buildings.  The  econo- 
mic aspect  of  the  various  methods  is 
carefully  gone  into,  more  especially 
in  connection  with  the  heating  of 
works  and  other  industrial  buildings, 
and  the  practical  rather  than  the 
t  hearet  ic  side  of  the  subject  isemphasised 
throughout,  for  though  much  of  the 
matter  is  luce-sarily  technical,  the 
work  is  intended  for  business  men  as 
Well  as  ingincering  students.  An 
appendix  containing  tabh^s  of  data  and 
a  full  index  conclude  this  useful  volume. 
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H.M.S.  "Queen  Mary.  " 

WE  Rivebolowa  photograph  of  the 
latest  completed  battle  cruiser. 
She  was  built  by  Palmer's  Ship- 
buiklinf^tS:  Iron  Co.,  Ltd.,  of  Hebbum-on- 
Tyne.and  her  dimensions  are  as  follows: — 
Length.  fi()o  ft.  ;  breadth,  8q  ft.  ;  mean 
load  draught  2S  ft.  ;  displacement  at 
load  draught,  27,000 ;  coal  capacity, 


1,000  tons.  She  has  an  estimated 
horse  power  of  75,000,  and  attains  a 
speed  of  28  knots.  The  powerful  main 
armament  consists  of  8  13.5  in.,  and  16 
4  in.  g\ms.  The  trials  of  the  vessel, 
which  have  recently  taken  place,  were 
entirely  satisfactory,  all  the  contract 
conditions  being  fully  complied 
with. 
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The  "  P.P  "  Safety  Shot  Firing 
Appliances. 

The  "  P.  P."  safety  shot  firing 
apj)lumccs  had  their  origin  in  an 
accident  resulting  from  a  misfired 
detonator.  In  clearing  d<l)ris  the 
wires  were  struck  by  the  }K»nt  of 
a  pick  which  exploded  the  detonator 
and  charf,e.  and  a  fatality  resulted. 

The  two  inventors,  Messrs.  Abraham 
Price  and  WilHam  Pryse  (both  opera- 
tives of  more  than  20  years'  ex]xri 
cnce  in  the  pits  of  tlie  Ocean  Coal 
Company,  Ltd.,  Treorchy,  South 
Wales)  who  were  related  to  the  un- 
fortunate victim  of  the  accident,  set 
themselves  to  devise  a  means  whereby 
a  misfired  detonator  might  be  with 
safety  withdrawn  from  a  shot-hole 
and  a  fresh  one  substituted  to  fire  the 
original  charge.  In  achieving  this  end 
by  means  of  the  detonator  shield  and 
charging  appliance  describi  d  below  it  is 
claimed  tnat  three  further  results 
have  been  accomplished,  namely  : — • 

1.  By  making  it  possible  to  inseit 
a  detonator  into  the  shot-hole  after 
the  hole  has  l>een  rammed,  the  main 
cause  of  mishres,  the  destruction  of 
the  insulating  material  on  the  leads 
of  electrically  fired  detonators,  has 
been  eliminated. 

2.  Elements  of  danger  have  been 
removed  from  all  the  processes  leading 
up  to  the  firing  of  a  shot.  The  de- 
tonator is  enclosed  within  a  shield  at 
the  factory  where  it  is  made  and  cannot 
be  injured  or  exploded  by  rough 
handling.  Moreover,  it  becomes  un- 
necessary to  handle  an  explosive 
cartridge  with  a  detonator  in  it, whilst 
the  ramming  of  the  charge  is  more 
safely  carried  out  in  the  absence  of  the 
detonator. 

3.  The  rending  efliciency  of  lii.i;h 
explosives  is  increased  in  shot-holes 
charprd  hy  tfie  "  P.  P."  method  which 
provides  an  annular  air  space  in  the 
tamping.  This  makes  for  larger  and 
less  fri.d)]i'  coal. 

Should  a  misfire  occur  (and  serious 
accidents  are  from  time  to  time  re- 
corded as  a  result  of  misCuf  v^  iIk 
advantages  of  being  able  to  withdraw 
a  foulty  detonator  which  has  missed 
fire  from  a  shot-lmlf  and  tn  insert  a 
fresh  one  are  obvious,  the  necessity  of 


boring  a  second  hole  adjacent  to  the  mis- 
fired hole  being  eliminated  and  the 

loss  of  time  in  searcliing  for  a  mis- 
lircd  detonator  and  charge  in  the 
debris  of  the  second  hole,  a  process 
which  is  not  only  wasteful  of  time 
but  dangerous  to  the  worker,  is  avoided. 
Under  the  "P.  P."  system  each  de- 
tonator is  enclosed  at  the  factory  in  a 
shield  slightly  larger  in  diameter  than 
the  cap  and  arranged  so  that  any 
strain  applied  to  tli<'  fietonator  leads 
is  received  by  the  shield. 

The  charging  appliance  consists  of 
a  hollow  tube  marked  with  a  ^'raduated 
scale  on  the  outside  for  measuring  the 
depth  of  the  hole,  through  which  tube 
passes  an  inner  rod,  to  which  a  loose 
copper  spike  is  attached.  The  spike, 
which  protrudes  from  the  forward 
end  of  the  appliance,  is  inserted  into 
the  priming  cartridge  which,  together 
with  tlie  appliance,  is  placed  in  the 
shot-hole.  The  hole  is  now  rammed 
and  then  by  withdrawing  the  internal 
rod,  which  brings  with  it  the  spike,  a 
shielded  detonator  can  be  inserted 
through  the  hollow  tube  into  the  hole 
left  in  the  primer  by  the  withdrawal 
of  the  spike.  Small  springs  on  either 
side  of  the  shield  retain  it  within  the 
cartridge  while  the  appliance  is  with- 
drawn. The  mouth  of  the  hole  having 
been  closed  to  exclude  air,  the  shot  is 
ready  for  fuing.  The  annular  air  sjiacc 
left  in  the  ramming  by  the  withdrawal 
of  the  charging  appliance  tends  to 
convert  the  shattering  force  of  the 
modem  "high  explosive  into  a  rending 
action  and,  at  the  same  time,  makes 
it  possible  for  the  shielded  detonator 
to  be  withdrawn  from  the  hole  by  the 
application  of  a  pull  of  sufficient 
strencjth,  sav  about  8  lbs.,  tocause  tl:e 
small  springs  on  the  shield  to  give 
way  within  the  cartridge.  After  with- 
drawal of  the  detonator  the  cluiruing 
appliance  can  be  again  inserted  into 
a  shot-hole  and  a  further  cap  put 
into  the  primer. 

Demonstrations  under  working  condi- 
tions have  been  given  in  coal  mines 
and  (|uarries,  and  the  a]i]ilinnces  have 
been  demonstrated  to  a  large  number 
of  important  mining  engineers  and 
managers,  and  in  all  cases  complete 
satisfaction  as  to  their   safety  and 
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practical  efficiency  has  bsen  expressed. 

l*"iirtli'.  r,  the  list'  of  tlic  a])(>Ii.in(  r> 
lias  been  witnessed  by  representatives 
of  the  Shot  Firers  of  the  United  King- 
dom and  by  several  district  associations 
of  oflicials,  and  resolutions  in  favour 
of  the  adojition  of  the  appliances  have 
been  passed. 

Orru  ial  trials  are  now  in  ])roi,'ress 
at  the  Bishop  .Middleham  Quarry  of 
Messrs.  Pease  and  Partners,  i.td.. 
Ferry  Hill,  Durham,  where  H.M. 
Insjiectors  of  Mnies  are  keeping  ob- 
servation of  the  use  of  the  appHances 
under  working  conditions  with  the 
view  of^modiiying  the  statutory  rules 
governing  blasting  to  pca-mit  of  thdr 
use  in  the  English  coal  mines. 

Coal  Haadlittg  PHnt, 

Till-  list  of  recent  orders  secured  by 
I-M  Hennis  and  Co.,  I.ttl..  of  Loiid(»n 
and  Bolton,  is  an  imj>osiii^'  as  well  as  a 
very  comprelK  nsive  one.  for  contrac  ts 
have  been  filKd  in  all  jiarts  of  the 
country.  To  enumerate  them  in  full 
is  impossible  in  the  space  at  our  dis- 
}X)sal,  but  one  or  two  will  serve  to 
indicate  the  success  which  the  Bennis 
stokers  and  furnaces  arc  continuing 
to  ichieve.  Moreover,  the  fact  that 
a  large  percentage  of  these  orders  are 
"  repeats,"  proves  in  itself  the  satis- 
factorv  nature  of  (heir  perfnmianccs. 

Kailway  companies  are  represented 
by  a  northern  line  which  has  ordered  two 
Bennis  stokers,  with  self-cleaning  com- 
pressed air  furnaces.  Messrs.  Clark, 
Chapman  and  Co.,  Ltd.,  the  well- 
known  general  and  electrical  engineers, 
of  Gateshead-on-Tyne,  have  been  sup- 
plied with  a  set  of  soot  removing  gear 
to  suit  two  Woudeson  boilers.  Machine 
t(x>l  manufacturers  are  represented  by 
Greenwood  and  Batley,  J^td.,  of  Leeds, 
and  Municii)al  Corporations  by  the 
Snutlniiil  l-.!eclricity  Department, 
which  has  iii>lalled  a  com|)lete  plant, 
consisting  of  bucket  ele\ator,  chain 
conveyor,  coal  storage  bunkers,  etc. 


Further  afield  is  the  Toronto  Water 

Works,  Canada,  where  three  ni'w  link 
chain  grate  stokers  have  been  htled. 
Among  the  other  customers  are,  steel, 
asbestos,  oil,  and  paper  manufactures, 
laundries,  spinning  mills,  and  indeed 
almost  every  phase  of  industry  figures 
in  the  list. 


Road  Coastruction 

The  constant  extension  of  motor 

traihc,  necessitating  a  wide  departure 
from  previous  practice  in  road  con- 
struction and  maintenance,  has  created 
a  large  field  for  work  of  this  character. 
A  new  Company — Highways  Construc- 
tion, Ltd.,  has  recently  been  regis- 
tered to  work  the  Praed  patents  for  the 
construction,  maintenance  and  repairs 
of  roads  in  this  country.    The  offices  of 
the  new  Company  are  at  Finsbury 
Court,    London,    E.C.,    the  directors 
being      Hon.  B.  C.  Pearson  (Chair- 
man). Mr.  H.  F.  Berry,  Mr.  H.  H. 
(ioldnev,   Mr.    J.   Purdy,  Mr.   C.  \V. 
Sharrock,  Mr.  V.  S.  Wright.    The  staff 
of  the  Praed  Road  Construction  Co. 
has  been  absorbed  into  the  new  organis- 
ation and  it  will  undertake  the  con- 
stniction  of  roads  on   the  asphalt 
macadam   princijile,   which  has  been 
such  a  successful  feature  of  tlie  opera- 
tions of  that  Company.    The  material 
to  be  used   by   Highwa\s  Construc- 
tion, Ltd.,  is  the  high  grade  bitumen 
which  is  already  well-lmown  to  sur- 
veyors and  road  engineers  generally 
under  the  registered  name  of  Mexphalte. 
This  bitumen  represents  the  finest 
material  known  to  science  for  the 
construction  of   dustless,  waterproof 
roads  capable  of  standing  tlie  severe 
stresses  of  modem  motor  traffic,  and 
as  it  is  being  regularly  imp>orted  on  a 
large    scale    by    the  Anglo-Me.xican 
Petroleum  Products  Co.,  I,td.,  there 
will  be  no  limit  to  the  supplies  of 
material  or  to  the  extent  of  the  work 
with  which  Highways  Construction, 
Ltd.,  will  be  able  to  cope. 


Mxirirr  Svlvcslfr  Cibb  b»-gin  hU  trrhniral  train- 
ing A%  All  .i|)()r*'iili<  ('  uilh  ihf  i  I  iitr.U  M.irin** 
Knginr  Work*.  \\  <■•.«  Hartlepool,  of  whic  h  hrin  he  U 
now  MdnaicinK  Dtrtrlnr.  Aim  srrving  hi*  aimvil* 
tirnhip  hr  Kainrd  rxprrirticr  afloat  As  an  rn(inf4>r 
on  tbr  »tranirr«  ol  Grorg?  Thompson  An<1  Co. 
(Abrrdrcn  White  Star  Line)  and  thm  brcimr  Otii- 
siilc  Miirhinrfv  Suprrinlrndrnt  to  thr  N"rth 
l-.i>I<rn  K.iil«.iv.  In  nioj  he- ri-liiriinl  to  thr  C"-!!- 
trjl  MArinr  Kiixior  Works  (maker*  ot  Mamie 
Enginrs  and  tkt  wdl-kaewa  "Cnew"  StramsMp 
Auxiliarirs),  •%  Central  M»u*gn.  and  in  thr  early 

Eart  of  tbi»  year  was  appointnl  ManaRinc  l)ir<-<  t  <r. 
le  is  a  member  of  the  lu'-tiiution  of  .Mr<  h,ii<ii  al 
EnKinrrrs  ami  «  member  ot  the  Counril  ol  the 
North  I  .isi  Cot»t  iMtitntieii  of  Engincm  and 
Shipbuilders. 
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THE  GAS  TURBINE 

By  L.  VctttoaDttclMZt  BP.C 


THE    production    of  mechanical 
energy    is    at    the  present 

moment  an  object  of  continual 
research,  and  the  advances  made  are 
following  each  other  with  remarkable 
rapidity  live  too  near  present 

developments  to  be  able  to  appreciate 
properly  the  Characteristics  of  their 
evolution  ;  still  we  can  to  some  extent 
even  now  forecast  the  future  of  the 
construction  of  gas  engines. 

It  is  possible  to  lay  down  the  two 
following  propositions  with  respect  to 
the  technics  of  gas  engines  : — 

I  St.  For  a  given  power,  there  is  a 
constant  tendency  for  the  gas  engine 
to  become  hghter,  that  is  to  say,  the 
ratio  of  its  weight  to  the  horse  power 
it  is  capable  of  producing  tends  to 
diminish. 

2nd.  The  gas  engine  by  its  cyclic 
regularity  tends  to  n  -it-nihlf  tlic  electric 
motor  in  its  conditions  of  working. 

The  weight  per  horse  power  is  by 
its  definition  the  quotient  of  two 
quantities.  If  it  be  desired  to  diminish 
this  quotient,  either  the  numerator 
must  be  decreased  or  the  denominator 
increased. 

The  two  methods  of  attaining  this 
object  are  to  increase  the  amount  of 
work  which  a  cylinder  of  given  capacity 


can  produce,  or  to  diminish  its  mass. 
If  weight  is  the  important  factor  in 

industrial  or  marine  appHcations  of 
motive  power,  we  will  never  be  able  to 
cope  with  it  in  the  same  way  as  it  is 
possible  to  do  in  the  realm  of  aviation. 
Indeed,  aviation  has  been  made  pos- 
sible only  because  improvements  in 
the  production  of  motive  power  have 
resulted  in  the  invention  of  the  light 
gas  engine. 

Since  diminution  of  weight  is  a 
fundamental  necessity  in  the  case  of 
gas  engines  for  aviation,  it  is  by 
studying  this  class  d  engine  that  we 
can  appreciate  more  readily  the 
efliciency  of  the  different  methods  at 
our  disposal. 

The  gas  engine  wliose  motive  {x>wer 
is  an  explosive  mixture,  acts  by  inter- 
mittent force  or  imfnilse.  These  im- 
pulses may  be  more  or  less  violent, 
and  if  one  of  them  suddenly  fails  the 
equilibrium  between  power  and  resist- 
ance is  abruptly  disturbed.  Since  the 
flywheel  has  now  been  generally  dis- 
carded, this  abrupt  disturbance  of 
equilibrium  may  cause  a  serious  break- 
down. 

The  light  gas  engine,  therefore,  must 

be  one  which  acts  by  continuous 
impulse,  and  the  force  of  this  impulse 
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must   be  strictly  limited.   At  the 

present  moment  the  best  results 
directed  towards  the  reduction  of  the 
ratio  of  weight  to  horse  power,  have 
been  obtained  by  diminishing  the 
mass  of  the  gas  engine. 

But  in  order  to  effect  this  reduction 
of  mass  tlie  question  arises  whether 
we  should  do  so  by  diminishing  the 
weight  of  its  parts  or  hy  trying  to 
arrange  a  special  combination  of  those 
jiarts.  It  is  in  this  direction  that 
progress  may  be  expected,  and  it  is 
to  this  method  that  we  can  trace  the 
happy  idea  of  gas  engines  with  rotary 
cyHndcrs. 

This  line  of  reasoning  enables  us  to 
ren)f,'nise  tlie  importance  of  the  method 
of  continuous  impulse,  which  ensures  the 
regularity  of  the  cycle.  It  also  enables 
us  to  draw  a  conchision  respecting 
the  great  improvement  which  results 
from  a  special  disposition  of  the 
parts  of  the  f,'as  en^irn'. 

These  two  considerations  lead  us 
to  the  continuous  combustion  turbine, 
and  later  on  we  shall  bring  forward 
still  further  arguments  in  its  favour. 

Let  us  now  consider  which  cycle  is 
most  advantageous  for  the  gas  turbine. 

The  following  table  gives  the  figures 
which  indicate  the  thermal  and 
mechanical  <  fficicncy  for  each  of  the 

cvrles  which  are  applicable  to  gas 
turbmes,  the  Imal  temperature  of 
expansion  being  brought  to  700*  C. 
on  the  absolute  scale. 

Compression  R>Uns 

Gm  Bnyincs 
with  diaeootinuom 
combwtioB. 


Ga«  Eatlacs 

with  coatfattoin 
eombnttloo. 


wtiti  disc  •iiitinuous 
coinbuslion. 


Gas  Bn^ines 
viih  continuons 
rombnsliva. 

From  this  table  we  see  that  high 
thermal  cfhciency  is  compensated  for 
by   low  mechanical  efficiency.  Note 


that  the  mechanical  efficiency  can  be 

improved,  and  tliat  is  in  itself  sufficient 
to  justify  the  importance  of  the  gas 
turbine. 

Tlie  isothermal  combustion  cycle 
would  involve  excessive  compression, 
and  it  may  therefore  be  disregarded. 

The  cycle  with  coml>nstiun  at  c  on- 
stant volume  gives,  with  the  same 
initial  compression,  a  higher  efficiency 
than  the  cycle  with  combustion  at 
constant  pressure,  but  the  absolute 
degree  of  efficiency  is  not  higher, 
because  the  limit  of  the  admissible 
maximum  of  the  temperature  of  com- 
bustion is  reached  more  rapidly.  The 
principal  advantage,  from  the  stand- 
point of  its  application  to  gas  turbines, 
consists  in  allowing  the  employment 
of  a  less  important  compressor,  and 
this  advantage  would  Ik-  specially 
interest  uig  if  we  could  be  satisfied 
with  purely  rotary  compressors.  In 
practice,  the  mechanical  efficiency 
would  be  low,  because  of  the  losses 
due  to  the  variable  flow  of  gas  which 
is  the  result  of  the  explosions.  As  a 
consequence,  the  turbine  with  dis- 
continuous combustion  only  appears  to 
be  indicated  in  the  case  of  low  powers 
obtained  without  preliminary  com- 
pression and  for  light  engines  in  which 
the  efficiency  is  only  of  secondary 
importance. 

The  cycle  with  combustion  at  con- 
stant pressure  (Diesel  cycle),  with 
isothermal  compression,  would  then 


appxear  to  be  the  most  advantageous 

for  the  gas  turbine.  So  long  as  the 
ratio  between  the  extreme  pressures 


 9       10      IS     ao     as  ^    bo   So  too 

TniKKAi  Brviamcv. 

Cjrcio  with  coinba^tion  at  constant  voiumo 
■  with  adiabdUc 

comimiiion         0.505  0.599  0.649  «.*94 

■  with  isothmnal 

comnri-vvion      ..  0.91    O.61    0.46  0.6B 
Cyelr  tvuh  1  <i:niMis()r>n  at  constant  prmun. 
—  with  aditbatic 

eomycwiion        0wi7  0.49  0.54  0.56  0.63 
with  inothrrmal 

COmrr<'^'>>on  o.j6    0.4S    0.49    0.93    0.94    O.96  0.99  0.63  0.69  o.ij 

MecHAMicAi.  ErricicMcv. 

/  Cyelr  with  corobu«tion  at  constant  volvne. 

I  with  .iili.ib.i(u- 

I'  <«ti>pr<'~^i.>ii       ..  0.3!    0.34    0.32  0.30 
  with  is^tlicrtnal 
comprwion         0.9a    0.54    o.jj  0.96 

(Cycle  with  combustion  at  contlaat  |>rmnr«. 
— —  with  adiabatic 
compr<><ssion     ,.  0.16   o.itf   0.19   e.19  0.19 
 with  isothrrroal 
comprrssion     ..  0.36   0.39   0.4a   0.44  0.449  0.49  0.47  0.49  0.91  0.91 
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has  a  constant  value,  it  is  immaterial 
whether  the  absolute  values  <>(  these 
pressures  are  low  or  high ;  it  is  thcrt  fore 
imjx>rtant  to  produce  an  exhaust  at 
low  pressure  and  thus  the  application 
of  multicellular  compressors  is  facili- 
tated. 

•  * 
* 

Before  (U-alin^  witll  the  (|uesti()n  of 
the  protluction  of  energy  and  con- 
sidering how  this  fundamental  portion 
of  the  problem  has  been  studied  and 
solved,  let  us  deal  brietly  with  the 
utilisation  of  the  kinetic  energy  which 
is  produced. 

Let  us  consider  an  enclosed  space 
in  which  the  explosion  or  combustion 
of  a  f^MM-ous  mi.\tun>  taki's  place  and 
thej)roducts  of  combustion  are  directed 
against  vanes  which  are  designed  to 
receive  their  kinetic  enerj^'v. 

Here,  as  in  steam  turbines,  we  may 
draw  a  distinction  between  "  action 
turbines  and  "  reaction  "  turbines. 

In  "  action  **  turbines  the  fluid  is 
completely  expanded  before  coming 
into  contact  with  the  vanes,  on  which, 
consequently,  it  acts  wlien  it  has 
attained  its  greatest  velocity.  In  this 
case  the  fluid  acts  in  the  same  way 
as  water  in  a  h\  draulic  turbine. 

In  '■  reaction  "  turbines,  the  kinetic 
energy  is  utilised  at  the  very  moment 
of  its  production.  In  this  kind  of 
machine  the  fluid  never  attains  so  high 
a  velocity  as  in  action  turbines.  In 
this  case  it  is  necessary  to  employ  a 
system  of  wheels  in  order  to  colltH:t 
the  work  done,  for  the  expansion  has 
to  take  j)lace  within  tlie  turbine  itself. 

However,  this  method  of  utilising 
the  kinetic  energy  does  not  constitute 
a  characteristic  difference  between 
the  two  classes  of  engines,  because 
the  action  turbine  often  admits  of  com- 
binations of  vaned  wheels.  They  are 
then  termed  multiple  action  turbines  in 
contradistinction  to  the  name  "  simple 
action  "  turbines  which  is  applied 
when  the  fluid  only  acts  upon  a  single 
vaned  wheel. 

Let  us  now  examine  the  question  of 
the  flow  of  motive  fluid  at  the  outlei  of 
the  combustion  chamber.  As  in  steam 
turbines,  this  flow  takes  place  in  the 
tubes  which  direct  the  motive  fluid  on 
the  vanes. 


The  experimentsof  M.  Stodola  showed 

that  if  the  pressure  of  the  fluid  in  the 
combustion  chamber  is  subject  to  varia- 
tions (as  is  the  case  in  turbines  with  dis- 
continuous combustion)  sound  waves 
are  produced.  These  waves,  however, 
are  only  protluced  if  the  velocity  of  flow 
at  the  outlet  is  greater  than  that  of 
sound,  that  is.  530  metres  prr  second. 
The  production  of  these  waves  involves 
a  considerable  loss  of  energy. 

On  the  other  hand,  if  the  pressure  of 
the  fluid  is  higher  than  that  which 
would  correspond  with  the  outlet  section 
of  the  nozzle,  an  abrupt  impact  is 
produced,  and  the  pressure  curve 
exhibits  a  protuberance  followed  by 
considerable  nivhilations.  If  the  coun- 
ter-pressure increases  to  such  an  extent 
as  to  reach  the  same  order  of  magnitude 
as  the  pressure  in  the  interior  of  the 
chamber, the  protuberance  enters  devper 
and  deeper  mto  the  nozzle  and  may 
even  reach  the  neck.  This  phenomenon 
is  likewise  accompanied  by  a  very 
considerable  loss  of  energy. 

The  study  of  these  phenomena 
leads  to  the  following  practical  con- 
clusions ; 

In  order  to  ettet  t    an  adiabatic 

expansion  from  ]>T  to  P,  T,,  a  nozzle 
of  definite  length  must  Im'  used.  If 
it  be  too  short  the  expansion  will 
be  ini omplftc  and  the  kinetic  enerirv 
produced  will  not  correspond  to  the 
whole  of  the  energy  to  be  disposed  of.  I  f 
it  is  too  Ions;  a  shock  will  result  as  well 
as  vibrations  accompanied  by  a  loss 
of  kinetic  energ>'. 

Experiment  alone  can  determine  the 
proper  length.  To  do  so,  the  pressure 
IS  varied,  and  its  most  favourable  value 
is  found. 

It  is  thus  seen  how  difficult  it  is  to 
obtain  a  high  efficiency  in  the  case  of  a 
turbine  Mrith  discontinuous  combustion 
in  which  p  and  T  vary  with  each 
explosion  and  whose  nuzzle  in  conse- 
(juence  is  periodically  too  short  and  too 
lonjj.  A  method  of  surmountini;  this 
difficulty  would  be  to  connect  several 
chambers  so  as  to  feed  an  intermediate 
res<*rvoir  which  would  establish  a  mean 
pressure  throughout.  Hut  this  solution 
could  not  be  carried  out  practically, 
for  it  is  not  profitable  fo  store  up  heat 
in  a  receptacle  where  it  cannot  be  kept 
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withoat  serious  I068.I  Bendes  it  would 

re<niirf  between  the  chamt)ers  and  the 
reservoir  a  whole  system  oi  valves, 
which  it  would  be  impossible  to  get 
to  work  properly. 

M.  Lemdlc,  in  investigating  the  kind 
of  nozzle  most  suitable  for  his  con- 
tinuous combttstioii  turbine  has  been  led 
to  make  some  ven>'  interesting  experi- 
ments. Having  chosen  a  steam  tur- 
bine nozzle  fixed  for  the  same  fall  of 
pressure  as  that  ex|xctcd,  M.  Lemale 
established  tljc  expansion  curve.  To 


SiCIlON   UK  .tUKLt. 


a  fixed  length  the  efficiency  is  very 
much  re«lurt  (l. 

The  construction  ul  nuz^^les  and  the 
form  which  is  most  suitable  for  them 

are  very  interesting  questions,  but  the 
scope  of  this  article  does  not  permit  us 
to  enter  further  into  the  subject  here. 


*  • 


ATMosntuttc  niwsvitk.  ixmumon  cvuvs  or  oases 

AT  IJOOl'  C. 

no,  I.— CURVKS  SHOWING  RKSUtTS  OP  M.  IKNALe's  exPKRIMt: STC, 

do  this  he  made  small  openings  two  milli- 
metres in  diameter  in  the  sides  of  the 
nozzle  and  to  these  openings  he  fitted 
in  succession  the  tube  of  a  manometer. 
The  results  of  these  ex|)erimonts  wore 
expressed  in  curves  (iig.  i).  It  is 
seen  that  the  steam  nozzle,  which  is 
suilalile  for  a  pressure  of  6 kilogrammes, 
is  nut  at  all  suitable  for  a  gas  one ;  it  is 
too  long.  The  nozzle  was  then  cut  at 
the  i)lace  w  here  expansion  was  complete. 

This  proves  experimentally  what  we 
have  stated  above,  that  in'  a  turbine 
with  discontinuous  combustion,  the 
nozzle  is  sometimes  too  short  and  some- 
times too  long,  and  that  if  it  be  assigned 


Ti;rbin£S  with  Discontinuous  Com- 

BISTION. 

The  number  of  patents  taken  out  for 
discontinuous  combustion  turbines  is 
considerable.  I  his  form  of  gas  turbmc 
has  attracted  inventors  more  than  the 
continuous  combustion  turbine  on 
accovmt  of  its  more  direct  relation  to 
explosion  gas  engines.  But  it  should 
be  noted  tha;  in  recent  years  when 
Miternal  combustion  engines  have  made 
great  progress,  the  number  of  patents 
for  continuotis  combustion  turbines 
has  increased  relatively  to  those  for 
discontinuous  combustion  turbines. 

Among  the  latter,  we  mav  distinguish 
1st,  apparatus  in  which  the  gaseous 
mixture  is  not  compressed  before  each 
combustion. 

2nd.  Apparatus  in  which  the  gaseous 
mixture  is  compressed  before  each 
combustion. 

In  a  certain  number  of  patents  for 
discontinuous  combustion  chambers,  it 
is  note<l  that  the  inventor  has  neglected 
to  deal  with  the  <juesti<ui  of  the  com- 
pression t>f  the  air  feed  or  of  the  gaseous 
mixture.  In  other  patents,  the  in- 
ventors refer  to  independent  com- 
pressors, but  they  have  taken  it  for 
granted  that  such  apparatus  existed 
and  ha\-enot  consideriMl  its  elhciencv. 

In  this  category  hgure  the  turbines 
of  Griepe,  Esnault-Pelterie,  Armengaud, 
Sainte-Beuve,  de  KaravtKhne.  and 
several  others  of  less  importance. 

M.  de  Karavodine.  particularly,  has 
built  an  ex[ilosion  gas  turbine  making 
10,000  revolutions  per  minute  which 
has  been  subjected  to  several  tests. 

We  give  in  Fig.  2  an  illustration 
of  the  combustion  chamber  of  this 
turbine. 

This  chamber  is  of  cast  iron,  and  is 
provided  with  a  water  jacket.  E,  in  its 
middle  jxjrtion  only  ;  the  upper  portion 
not  being  cooled  so  as  to  allow  of 
spontaneous  ignition.  At  the  lower 
end  there  are  two  opcnmgs,  A  and  P, 
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for  the  admission  of  air  and  fuel.  These 
openings  are  provided  with  throttle- 
valves  by  mean-;  of  which  the  propor- 
tions of  air  and  i^as  may  be  regulated. 
At  D  is  a  flap  valve  made  of  a  thin 
steel  plate  which  is  kept  in  its  place 
by  the  spring,  K,  aiid  its  lift  is  regii 
lated  fay  a  set-screw.  Ignition  is 
effected  at  the  start  by  the  sparking 
plug,  B.  A  discharge  nozzle,  1,  is  tixed 
in  the  upper  portion  of  the  chamber. 


riC.  2. —  THK  COMBl''S]IUN   tHAMBKR  l>t  THt  CA» 
TVKMNB.OP  OB  XARAVODIIfB. 


To  start  the  machine,  the  tiihc  A  is 
closed,  the  gases  are  introduced  and 
compressed  at  C,  then  ignited  by  means 
of  a  sparking  plug.  TIk  lirst  explosion 
followed  by  ex^tansion  produces  a 
depresdon  or  partial  vacuum,  the  effect 
of  which  is  to  refill  the  chamber  with  the 
gaseous  mixture.  The  upper  portion 
of  the  chamber  is  soon  red-hot,  and 
i^ition  can  take  place  without  the 
aid  of  the  sparking  plug.  The  detona- 
tions which  follow  have  been  compared 
to  those  of  a  Maxim  gun.  The  turbine 
comprises  four  similar  explosion  cham- 
bers each  provided  with  a  long  nozzle. 

A  turbme  of  this  model  has  been 
tested  ;  each  chamber  had  a  capacity  o[ 
230  cubic  metres  and  was  provided  with 
a  nozzle  3  metres  long  and  16  milli- 
metres bore  ;  the  wheel  was  150  milli- 
metres (5"9  inches)  in  diameter. 


The   following  were  the  results 

obtained : — 

Number  of  revolutions  per  minute, 

10,000. 

Power  determined  by  Prony  brain, 

1  ()  horse  }>ower. 

Air  consumed  per  hour,  O2  5  cubic 
metres. 

Petrol  consumed  per  hour,  6*5  litres 
or  47  kilogrammes. 

If  we  estimate  the  power  absorbed 
by  friction  at  0  5  horse-power,  the 
actual  power  developed  is  raised  to 
2*1  horse-power,  and  the  specific  fuel 
consumption  brt  oinfs  2\\  kilogrammes  ; 
that  is,  2  4  kilogrammes  of  petrol  per 
horse-power-hour.  This  means  a  niel 
consnmjition  one-third  greater  than 
that  of  the  first  Lenoir  gas  engine. 

It  is  to  be  noted  that  in  this  class  ot 
turbine  the  combustion  chambers  are 
not  closed  at  the  moment  of  introduc- 
tion of  the  gaseous  mixture.  It  is 
understood  that,  in  these  conditions, 
initial  comiMression  is  inadmissible  and 
that  the  combustible  mixture  is  subject 
to  considerable  losses. 


VI6.  J. — MouwAmm  TVMNiix  cownmvctBB  bv 

MBSSBB.  BBOWM,  BOVABI  AND  CO.,  OP  MAMNHBIM, 
SKOWIMO  COMBVanOM  CMAHBBK*. 
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In  the  models  of  continuous  com- 
bustion turbines,  in  which  the  gaseous 
mixture  is  compressed  before  cacli 
explosion,  it  is  conceivable  thut  the 
presence  of  tlu-  dosing  apphance  in 
the  combustion  chamber  itself,  should 
limit  the  adnn>^ible  maximum  of 
temperature  to  sudi  an  extent  that 
only  a  moderate  efliciency  can  be 
obtamed. 

For  this  reason  certain  makers  have 
brouf^'ht  forward  devices  for  com- 
bustion cliambers  which  are  pro- 
vided with  valves,  such  as  the  Holz- 
warth  turbine  const rncted  by  the  firm 
of  Messrs.  Brown  and  Bo vari.  ol  Mann- 
heim. 

Tliis  turbini'  ha-  been  di'-ictu'd  f'>r 
an  output  of  about  i.ooo  horse-power 
at  3,000  rcvohittons  per  minute,  when 
it  is  fed  with  "  lean  "  of  i  .000  to 
1,200  calories  per  cubic  metre  (112 
to  134  British  tnermal  units  per  cubic 
fjot.)  It  consists  of  one  or  sever.il 
explosion  chambers  A  (I'ig.  3),  into 
which  there  are  delivered  separately 
throufzh  the  valves  R  and  P,  both 
air  anil  f^as  at  a  low  pressure  (an  average 
of  1'5  kilogrammes  j)er  scpiaro  centi- 
metre) by  means  of  a  special  pumji 
which  utilises  the  waste  heat  of  the 
exhaust  gases  of  the  turbine. 

When  the  chamber  A  is  full  of  the 
cxjilosive  mixture  ignition  takes  |)l;i<-e. 
and  the  explosion  produces  an  increase 
of  pressure  (7  to  8  kilogrammes  per 
square  <(Mitimetre)  which  raises  an 
outlet  valve  S  fjr  the  burnt  gases  of 
the  explosion  chamber.  This  valve  is 
provided  with  an  oil  relay  which 
retards  its  subsequent  closing,  and  it 
gives  the  gases  access  to  the  expan- 
sion nozzles  of  a  tiirbiiic  H.  riiis 
turbine  is  similar  in  construction  to  a 
high  pressure  steam  turbine  wheel,  and 
the  ,i^a->rv  from  it  escape  by  the  exhaust 
pipe  C,  in  which  a  low  pre.ssure  is 
maintained.  At  D  there  is  a  dynamo 
which  is  fitted  on  the  turbine  shaft. 
At  E  there  is  a  horizontal  .shaft  driven 
by  screw-gearing  and  controlling  the 
main  govemcMr,  an  emergency  governor 
for  preventing  ignition,  a  taclie<jnieter, 
the  lubricating  gear  and  the  ignition 
mechanism. 

This  gas  turbine  works  in  tin  follow- 
ing way  :  Wheji  the  explosive  mixture 


is  ignited  the  high  pressure  gases 

contained  in  the  chamber .\  open  the 
valve  L  and  escape  through  the  nozzle 
to  act  on  the  movable  and  fixed  vanes 
t  •!!  Mirbine  B.  while  at  the  same  time 
tl»c  pressure  in  the  chamber  A  gradu- 
ally diminishes.  Then  when  this  pres- 
sure has  be(  ome  practically  equal  to 
that  <)f  the  atino>i)lKTe,  the  uilet  valve 
K  is  opeiunl  and  the  pump  intro- 
duces into  the  conibusti-jn  chamber  .\ 
a  certain  volume  of  air  wliirli  both 
cools  it  and  clears  out  the  burnt  ^ases 
through  the  turbine  wheel.  This 
scavenging  ;)f  the  combustion  chamber 
and  the  cooling  of  the  turbine  wheel  are 
made  possible  by  the  oil  relay  of  the 
nozzle-valve  S  interposed  between  the 
chamber  and  turbine  wheel,  whereby 
its  closure  is  retarded.  Then  the  inlet 
vah  e  P  (leliverN  a  new  charge  of  gas 
and  tlte  successive  operations  of  the 
cycle  recur  in  the  same  order. 

riii-  gas-turbine  has  still  a  low 
thermal  efficiency,  since  the  figures 
given  by  its  inventor  seem  to  indicate 
that  this  efficiency  does  not  exceed 
11.2  jx'r  cent,  of  the  total  heat  disen- 
gaged by  the  combustion,  whereas 
certain  modem  alternating  gas  engines 
have  an  efficiency  of  35  per  cent. 

The  intermittencc  of  the  explosions 
in  chamber  A  and  the  progressive 
expansion  of  the  heateil  lm^os  in  it 
lower  considerably  the  u.^elul  mean 
pressure  at  the  entrance  to  the  turbine 
wluel  f<jr  a  determinate  maximum 
[)res>sure  in  this  chamber.  The  low 
mitial  pressure  in  the  explosion  cham* 
her  has  not  the  same  mconvenience 
here  as  it  has  in  the  case  of  an  alter- 
nating gas  engine,  because  in  this  gas 
turbine  there  is  nothing  to  hinder 
lowering  the  final  expansion  pressure 
to  the  level  of  the  initial  pressure. 

We  shall  not  describe  the  different 
models  of  turbines  with  continuous 
combustion  and  preinous  compression, 
such  as  thosi-  of  Messrs.  I^iisch.  Puy- 
cuyol,  Fasbcndcr,  Floran  dc  \'ille-  ' 
jngnc,  Breuils,  and  so  many  others,  in 
which  th«pe  is  a  rotor  furnished  with 
vanes,  forming  an  explosion  rluanber. 
limited  by  a  hxed  casing.  In  these 
apparati  the  influence  of  friction 
must  he  considerable  and  their 
mechanical  efficiency  low. 
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To  sum  up,  turbines  with  discontinu- 
ous combustion,  for  the  reasons  indi- 

catfd.  do  not  apjx-ar  to  be  capable  of 
affording  a  satisfactory  solution  of 
the  problem  of  the  production  of 
motive  power  except  perhaps  in  tin- 
case  of  low  {>()wers  with  valvdcss 
turbines  and  when  ti»e  degree  of 
efficiency  is  of  little  consequence. 
Air  l"oMi»Ri>;s()u<. 

Before  studying  (he  turbinr>  uliich 
make  use  of  a  compressed  gas  mix- 
ture, we  ^liall  say  a  few  words  about 
air  compressors. 

In  a  certain  num))er  of  designs  for 
gas  turbines,  (he  method  of  ronipres- 
sion  to  be  atlopted  is  not  mentioned, 
the  inventors  suppose  that  a  com- 
pressed air  apparatus  or  a  compressed 
gas  mixture  is  furnished,  and  in  this 
way  they  avoid  one  of  the  greatest 
ditliculties  to  be  overcome. 

In  otlicr  designs,  on  the  contrary,  the 
compression  of  the  gas  mixture  or  of 
the  air  destined  either  tofornithismix- 
ture  or  toclearout  the  burnt  gases  while 
producing  a  cooling  effect,  has  been 
seriously  considered  \\  e  -hall  divide 
the  compressors  wiiii  h  have  been 
described  into  tliree  classes : — 

1.  Piston  compressors. 

2.  Rotarv  compressors. 

3.  1  unnt  1  compressors. 

1.  Piston  Compressors. — ^The  appli- 
ances studied  are  generallv  (juite 
simple.  They  consist  of  simple  pumjis 
both  aspirating  and  a>mpressing  ;  their 
construction  presents  nothing  of  special 
interest. 

2.  Rotary  Compressors. — It  is  well 

known  that  compressors  with  alter- 
nating movement  are  quite  suitable 
when  it  is  required  to  produce  high 
pressure  with  low  yield  of  gas,  but 
when  large  yields  arc  demanded  their 
obstruction  increases  rapidly.  One 
method  of  limiting  tliis  obstruction 
would  be  to  increase  the  sjieed  of  tlie 
pistons,  but  in  this  case  a  considerable 
amount  of  energy  is  wasted  on  account 
of  the  alti  rnating  movement  and  the 
vibrations  produced. 

Fm*  gas  turbines,  therefore,  it  has 
been  proposed  to  employ  multirt^lbilar 
turbo-compressors  which  are  acUnirably 
fitted  for  the  \elocities  involved  in 
these  machines.   The  compressor  and 


turbine  may  then  be  fitted  tu  the  same 
shaft.   M.  I.emale  has  shown  in  the 

following  way  that  there  is  a  striking 
correspondence  between  the  velocities 
of  the  two  apparati.    It  is  knowm  that, 

for  tile  X anil  1  kvation  of  pressure,  if 
ditlen  lit  yu  ld?,  are  desired,  it  is  always 
possible  to  get  the  same  degree  of 
efficiency  by  employing  huis  of  different 
dimensions  but  of  the  same  model,  on 
condiiioii  that  the  angular  velocity  is 
made  to  vary  as  the  scpiare  root  of 
the  vield.  ron^efjuently ,  for  fans  of 
the  same  type  acting  at  the  same 
pressure  and  working  with  the  same 
elTicienrv  the  number  of  revolutions 
i)er  minute  is  a  known  function  of  the 
yield. 

This  function  is  rejm'sented  by  the 
curve  1  (l"ig.  4)  in  the  special  case  of 
a  wheel  of  a  multicellular  blower 
arratiued  f'>r  a  compassion  of  I  kilo- 
gramme. In  calculating,  fur  each 
amount  of  yield,  the  power  to  be  given 
to  the  corresponding  shaft,  the  curve 
2  may  be  constructed  giving  the  value 
of  this  power  as  a-  function  of  the 
number  of  revolutions  per  minute. 
The  corresjK)ndence  between  the  powers 
and  velocities  which  is  clearly  demon- 
strated by  the  latter  curve,  shows  that 
it  is  e;i<v  to  arrange  tur1x)-ventilating 
groups  with  the  desired  jxjwers  and 
angular  velocities  without  departing 
from  the  normal  conditions  of  turbine 
installation. 

The  possibility  of  combining  in  this 
wav  advantages  of  the  '^ame  kind, 
lightness,  .slight  obstruction,  ease  of 
management.  &c.,  has  led  to  the 
invention  of  tnrbo-rom]ire>sor  groups 
wliose  eliiciency  is  comparable  to  that 
of  compressors  with  idtemating  move- 
ment. 

The  turbo-compressor  consists  essen- 
tially of  a  wheel  revolving  inside  a 

casing.  This  wheel  discharges  at  its 
circumference  the  air  that  has  been 
drawn  in  through  an  opening  in  the 
nave.  This  air,  which  has  thus  acquired 
a  certain  velocity,  enters  a  fixed  air 
channel  or  delivery  space  called  a 
diffuser  of  gradually  increasing  section. 
There  the  kinetic  energy  of  the  air 
is  converted  into  pressure.  If  to  this 
first  element  a  second  is  ailapted 
through  which  air  is  passed  that  has 
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undergone  the  first  degree  of  com- 
pression, its  pressure  is  raised  still 
further.  If  several  elements  are  thus 
o  nnected  in  series  it  is  evident  tluit 
the  pressures  after  leaving  each  of  the 
impelling  wheels  increase-  in  geometrical 
progression ;  the  elevation  of  pressure 
produced  hy  each  wheel  being  propir- 
tional  to  the  specific  gravity  of  the  air, 
that  is,  to  its  pressure,  the  temperature 
being  supposed  to  be  constant. 

Because  of  this  arrangement  in 
series,  it  is  possible,  without  reaching 
very  high  peripheral  velocities  which 
would    be    incompatible    with  the 
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requirements  of  construction,  to  nlitain, 
with  this  class  of  apparatus  compres- 
sions of  several  kilogrammes,  and  at 
the  same  time  a  considerable  3rieldof 

air. 

This,  however,  is  only  true  if  the 
compression  takes  place  at  constant 

temperature.  In  rrality.the  temjx*ra- 
ture  of  tiie  gas  is  raised  in  conse«]Ucnce 
of  the  compression,  and  this  rise  of 
temperature  takes  place  morr  rapidly 
if  the  compression  is  adiabaUc.  In 
consequence  of  this  elevation  of  tem- 
perature the  specific  weight  does  not 
increase  proportionally  to  the  pressure. 
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and  therefore  the  Anal  pressures  ob- 
tained will  be  sensibly  lower  than  those 

indicated  by  theory.  Honco  tho  air 
must  be  cooleU,  either  during  com- 
pression or  between  the  successive 
stages,  in  such  a  way  as  to  brins  it 
back  to  its  original  temperature,  and  so 
increase  its  density. 

The  multiple  turbine  compressor  of 
M.  I^male  (Fig.  5)  consists  essentially 
of  several  steel  wheels,  A,  which  are 
fitted  on  a  oommon  shaft,  B*  The  air 
enters  the  apparatus  by  a  vohite 
chamber,  and  is  discharged  by  tlie 
revolving  wheel  into  diffusers  the  section 
of  whicn  increases  with  the  distance 
from  the  centre.  The  air  of  the 
diffuser  having  converted  its  kinetic 
energy  into  p<itential  enert,'\  enters 
the  directing  air  channels,  1'.  The 
helical  form  of  these  channels  is  de- 
signed to  rechirc  t<i  a  minimum  the 
air  impacts  and  eddies  which  absorb 
energy  and  diminish  efficiency.  Brought 
by  the  channels,  N,  to  tlie  centre,  the  air 
goes  through  the  second  wheel,  and 
then  through  the  others  in  the  same 
way. 

In  order  to  simplify  the  construction, 
all  the  wheels  are4mounted  in  the  same 

direction.  The  axial  thrusts  which 
they  experience  (on  account  of  differ- 
ences in  the  pressure  applied  to  each 
of  the  faces)  accumulate,  and  the 
resultant  is  a  total  thnist  which  it  is 
necessary  to  balance.  I'or  this  purpose 
a  centrifugal  oil  pump  is  mounted  on 
the  end  of  the  shaft  in  the  opposite 
direction  to  the  wlieels  of  the  turbine 
blower.  It  is  placed  there  so  that  its 
own  axial  thrust  may  compensate  tliat 
of  the  compressor.  The  oil  is  discharged 
to  a  valve,  the  tension  of  whose  spring 
it  is  sufficient  to  change  in  order  to 
modify  the  magnitude  of  the  thrust. 

After  numerous  tests,  M.  Lemale 
has  shown  that  the  efficienry  of  (Iiis 
apparatus  reached  72  per  cent.efhcicncy 
here  meaning  the  ratio  of  the  theoreti- 
cal amount  of  work  of  actual  com- 
pression to  the  amount  of  work  commu- 
nicated to  the  shaft. 

M.  Kateau  has  patented  a  device 
for  cooling  the  air  in  the  course 
of  its  compression.  This  device 
consists  of  a  cold  water  refri- 
gerator in  which  cooling  is  effected 


by  mixture,  that  is,  water  is  injected 
into  the  air,  which. passes  through  the 
apparatus  in  the  form  of  a  jet,  which 
is  as  hncly  divided  as  ix)ssible.  The 
refrigerators  arc  interpolated  between 
the  different  elements  of  the  com- 
pressor. 

The  firm  of  Messrs.  Brown,  Bovari 

and  Co.  has  constructed  compressors  of 
this  type,  which  deliver  in  one  hour 
()3  cubic  metres  of  air  at  a  pressure  of 
4-8  atmospheres.  Apparatus  of  this 
kind  allowed  in  1907  an  efficiency  of 
75  po  cent,  to  be  attained. 

3.  Funnel  Compressors. — As  we  are 
limited,  for  mechanical  reason*^,  in  our 
choice  of  the  diametric  magnitude  of 
the  vaned  wheels  and  in  the  angular 
or  perijiheral  velocities  to  be  given  to 
them,  we  are  compelled  to  connect  in 
a  series  a  large  number  of  discs  in 
order  to  obtain  a  sufficient  elevation  of 
pressure.      The  Armengaud-Lemile 

Soci6t6  des  turbo-moteurs  "  has  pur- 
posed, for  applications  in  which  the 
efhciency  of  the  turbo-motor  group  is 
secondary,  or  in  which  reduced  obstruc- 
tion i-^  ()f  most  importance,  to  make 
use  of  funnels,  or,  in  other  words, 
injectors  which  are  fed  by  a  portion  of 
the  gases  of  combustion  derived  from 
the  ( onibiistion  chamber  itself  or  from 
an  auxiliary  chamber. 

According  to  M.  Rateau  the  funnels 
may  reach  an  efficiency  of  f>o  per  cent, 
for  an  upward  and  downward  pressure 
ratio  equal  to  five,  on  condition  that 
the  mass  of  the  fluid  carried  in  should 
be  nearK'  equal  to  that  of  the  carrying 
fluid.  It  is  quite  certain  that  this 
condition  cannot  be  fulfdlerl  in  actual 
practice,  but  it  is  nevertheless  possible 
to  assign  to  the  funnel  such  dimensions 
that  the  yield  of  air  carried  jin  can 
be  increased  in  proportion  to  the  yield 
of  carrying  gas,  with  the  object  of 
absorbing,  for  the  feeding  of  the  funnel, 
only  a  portion  of  the  total  yield  of 
gases,  equal  to  or  a  little  greater  than 
the  half. 

At  present,  rotary  multicellular  com- 
pressors lake  from  the  total  energy  of 
the  turbine  aportion  which  corresponds 
to  nearlv  one-half  of  the  amount 
developed.  It  shcnild  be  noted,  how- 
ever, that  in  this  particular  case  the 
work  necessary  for  the  driving  of  the 
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compressor  is  derived  from  tlic  action 
of  the  turbine,  and  must  consequently 
be  K I  koiied  with  the  efficiency  of  the 

turbine  it'^elf. 
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The  system  of  compression  by  funnel 

would  ap|)c.ir  tlun  to  liave  this  ad- 
vantage, other  things  being  equal  (tlic 
potential  energy  of  the  gases  under 
pre>-iir('  being  ilirectly  utih>ed  for  tlie 
suction  and  discharge  of  air)  of  not 
interposing  the  efficienrv  of  the  turbine 
in  the  eonipression  of  tlir  <  luui^td  air. 
Neverth<'le-^s,  given  that  tlir  ratio  of 
tlie  yieUl  of  air  carried  in.  to  the  \\vU\ 
of  burnt  ga^  is  necessarily  greater 
than  unitv.  tin-  cltu  ienry  of  the  funnel 
may  fall  to  40  jht  cent,  or  evt-n  lower. 
It  is  for  this  reason  that  the  employ- 
ment of  such  a  fiiniir!  i-~  onlv  suitablf 
in  those  ca^es  into  which  tiie  question 
of  economv  does  not  enter,  or  in  which 
the  >Iij;lit  obstruction  rif  the  niachinc 
is  an  indi>pen>able  condition.  Fig.  6 
represents  one  of  these  funnels  fitted 
tf)  the  combustion  chamber,  C.  of 
the  Arinengaud-Leniale  turbine.  The 
air  is  drawn  in  at  A,  the  combustible 
fas  is  introduced  through  b,  t'  repre- 
sents the  secondary  nozzle  through 
which  a  portion  of  the  burnt  gases 
escapes,  t  is  the  working  nozzle. 


Continuous  Combustion  Turbines. — A 
•  ertaiii  number  of  iin-entors  li,i\f 
studied  continuous  combustion  cham- 
bers without  providing  any  appliance 

for  cooling  or  recovery  of  gas,  the 
burnt  ga^e:>  being  allowed  to  escape 


into  tile  atmospliere  alter  acting  on 
the  bla<les.  Let  us  mention  in  this 
ccinnec  tion  the  apparatus  of  MM.  .Anne, 
d'Arhiet  and  Meineke,  but  the  majority 
of  inventors  have  studied  turbines 
whicli  make  u-r  of  mixed  <  \(le-.. 

If,  in  an  mternal  combustion  engine, 
a  satisfactory  efficiency  is  desired,  the 
work  of  <  ompression  mn^i  be  dimin- 
isheil  us  much  as  po^.■>ible,  for  it  should 
always  be  borne  in  mind  that  this 
work  is  derived  from  the  engine  it -elf. 
This  operation  of  compression  should 
therefore  be  exercised  upon  the  least 
possible  volume  of  gas.  Now.  unless 
excessive  compression  is  resorted  to, 
exceeding,  for  example,  a  ratio  ol  Mo, 
it  is  not  pf>ssible  to  introduce  more 
than  -^50  calories  p«'r  kilogramme  of 
ga>.  while  certain  combustible  im.xlurcs 
c  ould  easily  supply  550  to  600  calories. 
It  is  nere-sary,  therefore,  to  <lilutc 
these  mixtures  and  consequently  to 
increase  by  20  to  30  per  cent,  the  mass 
of  gas  to  be  cf)iiipn  -ed.  Tlii^  objec- 
tion is  still  greater  if  less  is  compres>ed. 

These  considerations  lead  us  to 
enquire  if  it  is  not  posNil  U  to  einplov 
rich  combustible  mi.xtures  without 
dilution,  but  limiting  by  certain  devices 
either  the  temperature  of  ccMnbustion 
or  tlic  final  temperature  of  expansion. 

In  order  to  lower  the  temperature  of 
ct)ml)usti()n  several  processes  present 

themselves  ; 

1st.  CiMjlin;,'  the  combustion  chamber 
exteiiiallv  In  inr.ius  of  water  circula- 
tion and  the  ili-rliar,t;e  of  the  water. 

2nd.  (  cH)ling  the  combustion  chamber 
externally  by  means  of  water  circula- 
tion, an<r  the  utilisation  of  the  vapour 
prmhiced — 

(a)  in  a  special  turbine,  (b)  in  the 
turbine  itself. 

1st.  By  injecting  it  into  the  combus- 
tion chamber. 

Jnd.  f^v  dirt  i  tini,'  it  on  to  the  blades 
by  means  oi  special  noz/les. 

jrd.  Bv  injecting  it  into  the  nozzle 
for  the  expansion  of  the  '.j.i-^i-^. 

It  sliouKl  be  noted  at  once  that  the 
first  method  of  cooling  is  disadvan- 
t.i^eous  from  the  cooling  point  of  view 
since  the  thermal  units  carried  off  from 
the  gases  through  the  wall  of  the 
combusti»)n  chamber  do  not  participate 
any  further  in  the  operation.  Very 
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lew  inventors  ha\r  provided  for  the 
utilisation  of  the  thermal  units  carried 
off  in  this  way  from  the  burnt  f^asp>. 

In  order  to  lower  the  temperature  of 
the  ^ses  after  expansion  injection  of 
water,  vapour  or  air  may  be  rc-^oi  ted  to. 

In  the  lirst  case,  the  heat  of  vapor- 
isation of  the  water  involves  a  loss  of 
thermal  units,  sim  r  it  is  derived  from 
the  heat  of  the  gai>es. 

In  the  second  case  there  is  no  such 
loss,  but  the  \elocity  of  discharge  of 
the  steam  must  be  equal  at  least  to 
that  of  the  gases,  otherwise  it  would 
involve  ditTi(  ulties  with  the  discharge 
of  gas.  M.  Sekutovics  has  shown  that 
wh«  n  steam  is  injected  among  the  gases 
after  th«'ir  expansion,  the  usi  ful  effect 
is  slightly  less  than  that  oiitained  by 
injecting  tins  steam  before  expansion. 
1 1  is  assumed .  of  course  .that  t  h  i  s  s  t  earn 
is  produced  by  means  of  the  heat  lost 
by  the  cngme  itself. 

Compressed  air  may  also  be  injected 
into  hot  gases,  but  in  that  case  an 
amount  of  energy  would  have  to  be 
expended  in  a  blower  equal  to  the 
kinetic  energy  ri(]uired,  because  a 
velocity  must  be  unparted  to  this  air 
at  least  equal  to  that  of  the  hot  gases. 
It  is  more  advantapeons  to  compress  all 
the  air  employed  and  to  discharge  the 
whole  of  it  into  the  combustion  cham- 
ber than  to  compress  a  part  of  it 
only  at  the  pressure  of  combustion, 
and  then  to  pass  the  remainder  into  a 
blower  supplying  the  chambers  with 
the  mixture. 

We  shall  examine  these  cooling 
processes  in  turn. 

ls7.  Comhiislinii  cluunlwrs  C(  ofed  ex- 
trrnally  by  means  of  a  water  circidutwn, 
the  water  being  afierwards  dr.J!,iri^ed. 

Few  inxentors  have  neglected  to 
utilise  tlic  thermal  units  carried  oft  in 
this  vray  from  the  combustion  chambers, 
f^n  the  other  hand,  those  who  have 
sought  to  fcctl  their  turbines  by  means 
of  the  gas  from  successive  explosions 
have  i^enerally  neglected  this  part  of 
the  question. 

2nd.  Combustion  chambers  cooled  ex- 
ternally by  means  of  a  u  ater  circulation, 
the  steam  formed  being  afterwards 
ntilised.  » 

(a)  I'tili  ation  of  the  steam  in  a 
special  turbine. 


Inventors  have  not  been  attracted  by 
this  method  of  utilisation ;  they 
naturally  prefer  to  make  use  of  the 
same  turbine  m  order  to  utilise  the 
steam  formed. 

(b)  Utilisation  of  the  steam  in  the 
same  turbine.  The  steam  is  injected 
into  the  combustion  chamber. 


III.  r  — roMlli«TION  CHAMIBKOr  ARMBNOAVB-UllAtB 
II  R  MINK  LINKD  WITH  CAMBOKUNOUM  ANP  IIITB«' 
LINED   WITH   PPWBBHB  ASntTOt    AMD  CAWIMID 

Tliere  is  a  device  of  this  kind  in  the 
Armengaud-Lem&le  turbine,  of  which 
the  following  is  a  brief  description  :  The 
combustion  chamber  represented  in 
Fig.  7  is  lined  internally  with  carborun- 
dum :  the  interval  between  this  lining 
and  the  steel  is  filled  with  a  mixture  of 
powdered  asbestos  and  calcined  mag- 
lusia.  A  is  the  opening  through 
which  the  compressed  air  is  introduced. 

Ignition  takes  place  at  D  by  means 
of  a  platinum  wire  which  has  been  made 
incandescent  by  the  current  from  an 
accumulator.  A  steel  sconce  pre- 
vents the  platinum  wire  from  being 
extinguished  by  the  current  of  air. 
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When  the  internal  lining  has  been 
bronght  to  a  red  heat,  no  other  ignition 

device  is  required.  This  apparatus 
is  so  well  known  and  has  been  <ic- 
scrihed  so  often  tliat  we  shall  not  deal 
with  it  further  here. 

(c)  Conveying  the  steam  in  special 
nozzles. 

The  device  patented  by  M.  Lemdle, 
in  1906,  is  represented  in  Fig.  8.  Cold 
wrater  is  introduced  into  the  water 
jacket  surrounding  the  combustion 
chamber  near  the  end  of  the  nozzle, 
and  passes  in  this  jacket  in  an  opposite 
(hrection  to  that  of  the  current  of  f^as, 
in  this  way  producing  a  cooling  effect 
in  a  methodical  way.  The  steam 
accvunulates  in  thf  reservoir  V  before 
Ixing  discharged  on  tlie  blades  by  a 
special  nozzle  T,  whicli  opens  at  a  short 
distance  from  the  noczle  T,. 


nr..  8  — LrM*ii'>i  cooiinc.  nrvirr. 


M.  Lenule  lias  further  solved  the 
problem  of  cooling;  and  at  the  same 
time  utilised  tlie  thermal  units  i  irricd 
oft  by  the  burnt  gases,  by  con  vert  uig 
the  narrow  portion  of  the  combustion 
chamber  into  what  is  actuallv  a  tubular 
boiler.  (Patent  of  1907.)  Tubes 
communicate  with  two  parts  of  the 
boiler.  The  steam  formed  accumu- 
lates in  the  reservoir  and  is  dis- 
charged by  the  noandc  on  the  blades 
at  a  certain  distance  from  the  nozzle, 
which  discharges  the  products  of 
combustion. 

Injection  of  gases  into  the  expansion 
nozzles. 

There  are  no  turbines  in  which  steam 
is  injected  under  these  conditions  ;  but 

that  of  the  Kerr  lurbini'  ("ompanv 
employs  comprcsseil  an  with  this 
object. 

J.ou  t'riu^  the  temfyerattifc  "/  expansion. 
— The  diflerent  methods  which  may 
be  employed  to  lower  the  temperature 
of  expansion  of  burnt  gase>  lune 
already  been  described.    They  need 


not  l>e  rcpeateil  here,  but  a  short 
description  may  be  given  of  a  turbine 
in  wIikIi  one  of  these  methods  is 
employed. 

M.  Windhausen  cools  the  gaseous 
prodiK  t^  of  combustion  as  they  enter 
the  nozzle  bv  means  of  a  jet  of  water 
moving  in  the  same  direction  as  the 
current  of  ^as.  The  steam  produced 
is  thus  nuxed  with  the  gas  and  pro- 
duces its  effect  on  the  turbine  wheels. 
The  nozzle  itself  is  cooled  by  an 
external  water  jacket  which  com- 
pletely surrounds  it.  The  water  of 
this  jacket  has  already  i  oolt-d  the 
cylinder  which  surrounds  the  vaned 
wheels  and  the  directing  discs  which 
it  contains. 

In  other  variations  of  his  turbine 
M.  Windhausen  has  completed  the 
O)oling  l>y  means  of  a  water  circulation 
round  tlie  conihu>tion  chaniber. 

M.  Windhausen  has  further  dealt 
with  the  cooling  of  the  whole  apparatus 
in'a  more  complete  way,  and  has  pro- 
vided for  the  permanent  discharge,  in 
the  form  of  jets,  of  a  large  quantity  of 
water  in  the  con>bustion  chamber  for 
the  purpose  not  only  of  cooling  the 
latter  but  also  to  clear  out  the  gases 
and  avoid  impurities. 

Finally,  the  appliances  of  Holzwarth, 
Klotzer.  dc  Bonnechose.  Parsons  and 

Tey>M  (lou  are  nuulelled  on  those  which 
have  just  been  described. 

♦ 

The  possibility  has  also  been  con- 
sidered of  substituting  for  atmospheric 
air  in  the  gaseous  mixture,  either 
oxv.m  n  or  air  rich  in  oxygen. 

S\.  (  laude  has  siim-cdeil  in  producing 
this  gas  at  a  sutticicntly  low  price  to 
be  used  in  blast  furnaces.  The  idea 
(»f  Using  it  in  an  internal  condnistion 
engine  is  llicicfoie  not  an  absurd  one. 
In  this  order  of  ideas,  all  the  difficulties 
(I'lmei  ted  with  tin-  <  i )iiiprc>;<ion  of 
uitlammable  and  combu>tible  gases 
would  be  done  away  with  and  it  would 
be  pi)-;>ihlc  to  nuike  the  compression 
anil  expansion  ratios  equal  to  500,  for 
this  would  be  necessar\-j  in)  order  to 
send  into  the  turbine  only  gases  which 
were  sufficiently  cooled. 

Such  compression  ratios  would  be 
ii  alised  by  maintaining,  for  example, 
a  pressure  of  25  kilogrammes  per  square 
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centimetre  in  the  combustion  chamber 
of  the  turWne  and  causing  the  latter 
to  open  into  a  watrr-coolcd  condenser 
in  which  a  pressure  of  i- >o  kiloRrammc 
per  square  centimetre  could  be  main- 
tained. 

But  if  it  wcif  desired  to  maintain 
a  VIMS'  1u,l;Ii  tfinpi  raturc.suchas  2,000" 
C.  ill  tlif  combustion  chamber,  in  order 
to  obtain  a  hif^h  efficiency,  the  fluids 
should  discharge  into  the  turbine  with 
a  velocity  of  about  2.400  metres.  In 
order  to  turn  this  velocity  to  accomit. 
the  turbine  would  have  to  acquire  a 
tangential  speed  of  800  metres,  and 
this  would  not  he  possible  with  the 
present  kinds  of  steel. 


n«.  9^skcnon  or  rnitiiiNr  aiiim  with  tNTfttioa 

The  turbine  having  its  tangential 
speetl  reduced  to  460  metres  per  second 
it  would  not  be  convenient  to  carry 
the  temixMature  in  the  combustion 
chamber  ahtne  750X.  by  injecting 
water  into  it.  In  these  conditions  it 
would  still  W  economical  and  coukl 
be  of  service  if  the  price  of  oxygen  per 
ton  did  not  exceed  one-fourth  of 
the  price  per  ton  of  combustible 
employed. 

The  scope  of  this  article  does  not 
allow  us  to  go  into  the  question  of 
turbine  blades,  we  shall  confine  our- 
selves  to  a  few  remarks  on  +he  different 
devices  which  have  been  put  forward  to 
secure  the  cooling  of  these  parts. 
The  cooling  fluid  is  generally  compelled 


to  enter  the  cycle  of  the  turbine,  and 
consequently  this  question  is  intimately 
associated  with  those  which  have  just 
been  treated. 

From  the  standpoint  of  efficiency, 
there  is  an  advantaf»e  in  directing  the 
gases  upon  the  turbine  blades  at  the 
highe-t  possible  temperature,  but  on 
the  other  hand  it  is  well  known  that 
the  resistance  of  metals  diminishes 
rapidly  with  the  elevation  of  thtiir 
temperature.  Now  the  metals  which 
enter  into  the  construction  of  turbine 
blades  are  subjected  to  considerable 
strains  as  the  result,  particularly,  of 
the  centrifugal  force. 

Metallurgy  furnishes  at  present  tung- 
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sten  and  vanadium  steels,  termed  high- 
speed tool  steels,  which  possess  a  high 
degree  of  resistance  even  at  a  tempera- 
ture of  <MX)  (".,  and  which  can  be 
workcil  for  a  long  time  at  a  red  heat 
without  deterioration.  M.  I.emile  has 
mentione<l  a  nickel  steel  with  which 
he  had  constructed  a  turbme  blade, 
and  which  was  subjected  for  months  to 
a  temperature  of  .450"  C.  without 
exhibiting  the  least  fatigue 

There  are  likewise  tool  steels  manu- 
factured by  crucible  or  in  the  electric 
furnace,  which  have  resistances  of 
100  kilogrammes  per  square  millimetre 
with  an  elongation  of  5  to  ID  per  cent, 
even  at  600°  C. 

These  temperatures,  however,  fonn 
the  superior  limits  which  must  not  be 
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exceeded  while  we  are  waiting  for  new 
metallurgical  processes. 

This  is  the  method,  then,  by  which 
inventors  iiave  solved  the  nroWrm. 

In  the  turbine  of  M.  Fullagar.  the 
blacies  are  hollow,  and  arc  i  ut  out  <if 
steel  tubes  which  have  bet  n  hanuui  rt  il 
into  the  form  of  crescents.  A  current 
of  cold  air  or  stcam  is  discharged  into 
the  interior. 

M.  Weiss  employs  a  similar  process, 
but  ho  causes  the  cooling  tjasrs  to 
participate  in  the  work  of  the 
turbine. 

MM.  Armenpaud  and  I  t'lij.Mc  have 
arranged  a  water  circulation  in  the  inte 
rior  of  the  turbine  blades  themselves. 
Fig.  <)  shows  a  section  of  a  turbine 
blade  treated  in  this  way.  A  and  B 
are  circular  pipes  to  which  the  water 
has  access  and  from  which  it  is  carried 
away  by  radiating  pipes  such  as  (". 
Each  of  the  blades  is  perforated  and 
the  small  channels  are  in  conuininica- 
tion  with  the  circular  channels  .\  and  B. 
Cold  water  being  denser  than  hot 
water,  the  centrifugal  force  has  a 
greater  effect  upon  it  :  this  force,  which 
lirives  the  cold  water  towards  the  cir- 
cumference is  therefore greaterthan  that 
which  tlic  hot  water  has  to  overcome 
in  order  to  fiow  from  the  circumference 
towards  the  centre. 

Usuall\-  the  cooling  of  the  disc  is 
effected  by  means  of  steam  or  water  and 
the  currents  travel  from  the  centre 
to  the  circumference,  then  lliey  scpa 
rate  in  the  circular  tube  near  the  rim. 


This  method  of  circulation  assumes 
♦hat  the  veloritv  of  the  disf  is  not  too 
great,  so  that  this  velocity  offers  no 
hmdrance  to  the  circulation  of  the 
coolinjg  fluid  in  the  circular  tube  in  an 
opposite  dire(  tion  to  that  of  rotation. 

-Nl.  Kerkau  has  oflered  the  objection 
to  these  latter  devices  that  the  water 
can  <Mdy  remain  in  the  wheel  for  a 
period  which  is  very  short  in  proportion 
to  the  magnitude  of  the  centrifugal 
force  whi(  h  arts  upon  it,  and  that, 
consequently,  a  considerable  yicUl  of 
water  would  be  needed  in  order  to 
obtain  a  satisfactory  (h'grce  of  rolling. 
Since  this  large  quantity  of  water  must 
acquire  an  enormous  tangential  velocity 
with  a  considerable  loss  of  energy  as  a 
result,  M.  Kerkau  proposes  to  lead  the 
water  for  cooling  into  a  groove  -\  of  the 
wheel  by  means  of  a  tube  B  (Fig.  lo.) 
Under  the  influence  of  centrifugal 
force  this  water  penetrates  through  the 
tube  D  into  the  hollow  pocket  C  in  the 
interior  of  the  blade.  The  water  is 
soon  evaporatetl  and  tiic  slcam  escapes 
by  the  same  pipe  B  :  it  is  replaced  by 
the  cold  water  which  the  centrifugal 
ton  e  drives  towards  the  circtimferencc. 
Tn  this  way  the  water  introduced  into 
the  wheel  is  completely  converted  into 
steam. 

We  cannot  deal  at  greater  length 

with  these  devices  whose  interest, 
moreover,  is  only  secondary  in  comi>a- 
rison  with  the  much  more  complicated 
problems  which  are  presented  by  the 
study  of  the  gas  turbine. 
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MODERN  DEVELOPMENTS  IN   FIRE  PREVENTIVE 
DESIGN  AND  CONSTRUCTION 

By  Harold  G.  Holt  ARLB^ 


PROGRESS  in  matters  of  tire  pro- 
tection  has   been  very  rapid 

during  recent  years,  more  par- 
ticularly in  the  direction  of  structural 
improvemmt-  It  has  come  to  be 
more  generally  realised  that  the  stmc- 
tural  aspect  of  lire  protection  is  of 
greater  radical  importance  than  the 
extinctive  or  palliative  aspect.  Fire 
insurance  ottices  place  less  reliance  on 
the  chance  of  a  poorly  constructed 
building,  amply  (  (juipped  with  sprink- 
lers, alarms,  and  lire  fighting  devices, 
than  was  formerly  the  case.  Experi- 
ence lia^  rrjxMtrdly  demonstrated  that 
such  buildings  stand  a  poor  chance  in  a 
general  conflagration,  and  in  the  case 
of  individual  tire  outbreak.  It  has 
been  shown  that  well  constructed  build- 
ings have  acted  as  efficient  fire  stops  in 
even  the  most  overwhelming  con^ 
flagration,  in  which  tire  departments 
were  practically  powerless.  At  the 
same  time  there  is  less  talk  of  "  fire- 
proof "  construction,  and  more  is  heard 
of  "  firc-rcsisting  "  construction,  thus 
showing  the  trend  of  modem  technical 
opinion. 

Largely  owing  to  the  educative  work 
of  such  bodies  as  the  British  Fire 
Prevention  Committee,  the  basic  fact 
tliat  the  fire-resistance  of  a  particular 
building  depends  very  greatly  on 
individual  details  of  construction  and 
arrangement,  is  becoming  much  more 
widely  recognised,  as  is  also  the  fact 
that  to  claim  in  general  terms  that  a 
building  is  "  fire-proof/'  means  very 
little  and  is  quite  misleading.  The 
expression  "  scmi-fircproof."  as  applied 
to  timber  constructions  protected  in  a 
measure  by  more  or  less  fire^esisting 
materials,  is  also  cakulated  to  mislead. 


Either  buildings  are  jirc-prooj  or  they 
are  not,  and,  as  it  has  been  repeatedly 
shown  tJiat  no  material  ii^cd  in  the 
ordinary  construction  of  buildings  is 
absolutely  proof  against  the  influence 
of  high  temperature  continuous  for  any 
considerable  period  likely  to  be  ex- 
perienced in  a  great  conflagration,  it 
w()uld  seem  more  reasonable  tliat  the 
expression  Jire-resisting,  as  advocated 
by  the  British  Fire  Prevention  Com- 
mittee and  the  International  Fire 
Congress,  should,  be  more  generally 
used. 

Again,  it  is  easily  shown  that  the 
resistance  to  fire  possessed  by  various 
building  materials  varies  considerably, 
even  with  regard  to  materials  closely 
allied  in  nature.  Thus  various  types  of 
concrete  vary  greatly  in  efficiency  as 
fire-resisters,  not  only  depending  on  the 
nature  of  the  aggregate,  but  upon  the 
quality  of  cement,  mixing  and  grading 
of  the  aggregate,  wetness  of  the  mix- 
ture, etc. 

Thus  it  ix'comcs  necessary  that  in 
order  to  gain  a  clear  notion  of  the 
degree  of  fire  re^i^tance  pr^sse-^sed  by 
materials,  proprietary  and  non-pro- 
prietary methods  of  construction  and 
building  details,  as  shown  by  actual 
test  in  large  specimens,  various  classes 
of  protection  should  be  recognised. 
Such  have  b<>en  set  up  bv  the  British 
Fire  Preventive  Committee  and  have 
received  world-wide  recognition  on  the 
same  basis.    They  are  as  follows  : — 

T£MPORAiiY  Protection. — Implying 
resistance  to  fire  for  at  least  forty-ftve 
minutes. 

Partial  Protection. — Resistance  to 
fire  for  at  least  ninety  minutes. 
Full  Protection. — Resistance  to 
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fire  for  at  least  one  hundred  and  fifty 
minutes. 

Many  materials  used  in  buildinj:; 
construction  are  not  eapablc  of  with- 
standing fire  to  any  extent  without 
boinji  so  seriously  injured  as  to  imperil 
the  structure  of  which  tliey  form  part. 
Timber  of  small  scantlings  has,  of 
course,  al\va\"s  been  rccognisetl  as  in- 
flammable and  unsafe,  though  the 
degne  to  which  some  of  the  hard 
woods  will  withstand  fairly  high  tem- 
])eratures  for  a  short  time  was  not 
formerly  recognised,  and  the  claims 
of  chemically  treated  non-flammable 
timber  are  not  sufficiently  recognised, 
in  the  writer's  opinion,  for  such  uses 
as  temporary  buildings,  railway  car- 
riages, etc.  Formerly  all  materials 
known  to  he  not  inflammable  were 
consiilered  fire-  >ro  )f,  and  thus  wrought 
iron,  cast  iron  and  later,  steel,  were 
employed  as  structural  agents,  entirely 
unprotected  from  the  ravages  of  fire. 


The  results  of  such  construction  are 
well  illustrated  by  the  photograph,  in 
l'"ig.  I,  after  a  severe  tire  which  gutted 
the  premises.  I'nprotected  cast  iron 
columns,  unprotected  cast  iron  girders, 
anil  wrought  iron  joists,  carried  heavy 
brick  arclies,  which  crashed  through 
floors  below.  The  results  of  fire  in  a 
timber  stnicture,  unprotected,  are  also 
shown  in  Fig.  2,  a  photograph  of  an 
American  car  factory.  This  has  since 
been  replaced  by  a  reinfo  ced  concrete 
structure,  built  on  the  Kahn  system  in 
forty  days.  Fig.  3  shows  result  of  fire 
in  a  north-country  factory,  of  un- 
protected construction. 

It  is,  of  course,  a  commonly  recog- 
nised fart  that  all  steel  structural  or 
weight  carrying  members  should  be 
protected  against  fire.  The  advent  of 
the  .American  skyscraper  has  wielded  a 
vast  influence  over  matters  of  fire 
protection  on  account  of  the  huge  risks 
involved,   and   although   we   in  this 
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country  will  probably  never  be  faced 

with  exactly  similar  problems,  there 
has  been  a  reflex  action  in  our  modern 
methods  of  building,  due  very  largely 

to  the  experience  gained  in  sk\  ><  rajHT 
htccl  f  amc  construction.  A  dominant 
factor  in  all  modern  systems  of  firc- 
resisting  is  tin-  \ri\  ni;iiifr  of  the 
protection  of  steel  nu  mbers,  whit  li  are 
being  more  and  more  used  in  our  build- 
ings. It  is  over  this  very  matter  that 
the  much  vexed  question,  "  Tile  or 
Concrete?  "  is  asked  continualI\-  What 
are  the  claims  of  the  two  n  '  ih  xis  of 

protection,  terra-rotta  tile  block  as 
opposed  to  concrete  protect i*)n  The 
hollow  tile  manufacturer  states,  accu- 
rately enough,  that  a  material  which 
has  passed  through  severe  tire,  will 
withstand  high  temperatures  far  more 
sucressfullv  than  one  which  has  not 
been  through  a  similar  ordeal.  Hollow 
tile  blocks  are  made  from  clay,  kiln 
burned  at  a  temperature  of  from  ^.odo 
to  2,500  degrees  Fahr.  They  are  made 
in  three  grades,  "  dense,"  "  semi- 
poroiis  "  and  "  porous."  The  foniier  is 
the  strongest  from  a  constructional 
standpoint,  but  is  very  poor  in  fire- 
resistance,  and  many  failur«>  and 
collapses  in  hres  of  American  buildings 
have  been  due  to  the  use  of  the  "  dense  " 
quality  of  tcrra-cotta.  "  Porous  "  tile 
is,  on  the  other  hand,  a  good  fire- 
resisler  per  sc  and.  moreover,  extremely 
light,  a  cubic  foot  of  tile  weighing  about 
40  lbs.  This  lightness  is  a  factor  very 
greatly  in  favour  ot  porous  tile  as  a 
protection  for  steel  in  a  tall  Imilding ;  by 
Its  use  the  ultimate  weight  oi  the 
building  is  much  reduced,  and  con- 
sequently the  cost  of  steel  construc- 
tion and  foundation  work  is  lessened. 
Tile  floors  and  partitions  are  quickly 
erected  and  rapidly  dry  and  afford 
facilities  for  the  "  rush  construction  " 
SO  dear  to  the  hearts  of  the  American 
builders.  The  infilling  between  the 
steel  frame  forming  the  exterior  span- 
dril  walls  is  freauently  constructed  in 
hollow  tile.  This  is  clearly  shown  in 
Fig.  4,  whii  li  is  a  \iew  of  the  Marl- 
borough-Bienheim  Hotel,  Atlantic  city, 
in  course  of  coBstruction,  the  com- 
pleted building  being  illustrated  by 
Fig.  5.  This  hotel  is  560  ft.  long. 
125  ft.  wide  and  nine  floors  high. 


There  are.  then,  advantages  in  the  use 

of  tile  construction  of  the  right  class, 
but  the  evidence  against  "  dense " 
tcrra-cotta  is  overwhelming.  At  the 
San  Francisco  conflagration  and  at  the 
Baltimore  fire,  "  dense  "  terra-cotta 
was  proved  an  absolute  failure.  The 
"  Horn  Building"  in  the  Pittsburg  fire 
<'f  a  few  years  ago  was  completely 
gut  ti  ll  in  two  hours,  though  protected 
in  the  best  manner  then  in  vogue,  by 
"  dense  "  terra-cotta  tile. 

Vou  cannot  bum  a  piece  of  "  dense  " 
or  semi-jx>rous  tile  ;  if  heated  and  then 
subjected  to  water,  it  will  not  become 
disintegrated.  What  is  the  reason, 
then,  for  such  failures  ?  It  is  not  far  to 
seek.  Whatever  the  grade  of  tih-,  it  is 
used  primarily  as  a  covering  to  steel 
girders  or  columns,  and  also  largely  in 
the  fonn  of  flat  or  seg^ne^tal  arches, 
and,  be  it  remembered,  in  the  shape  of  a 
hollow  block,  the  faces  of  which  are 
united  at  intervals  by  thin  webs  of  the 
material.  In  spite  of  care  in  manufac- 
ture, the  blocks  are  often  cracked 
across  corners  or  in  the  webs  and  break- 
ages occur  in  trans-shipment,  points 
of  weakness  being  thus  developed.  In 
case  of  fire,  particularly  in  girder  or 
column  casing  which  is  naturally  ex- 
posed to  herce  heat,  the  unequal  ex- 
pansion of  the  outer  face  of  the  blocks 
as  compared  with  \hr  inner  face  against 
the  steel,  is  frequently  sufficient  to 
overcome  the  resistance  of  the  con- 
necting webs,  wliich  bn  ak  away  and 
cause  the  collapse  of  the  blocks,  in  part. 
The  immediate  expansion  of  the  ex- 
posed steel  is  sufficient  in  many  cases 
to  loosen  the  remaining  blocks  or  crack 
them  severely.  In  the  case  of  floor 
an  lies  the  girder  is  first  protected  by 
special  shaped  tiles  wliich  form  a  skew- 
Mck  for  the  arch  blocks.  The  protec- 
lion  of  the  steel  girder  sc)ffite.  a  most 
important  matter  in  tire  protection,  is 
often  inadequately  performed  by  tiles 
specially  shaped,  chiefly  where  the 
flanges  are  wide. 

L  shaped  tiles  are  often  used  in  which 
the  width  of  the  lower  portion  is  ex- 
cessive, hair  cracks  being  developed 
across  the  junction  with  the  upright, 
and  the  unequal  expansion  produced  by 
excessive  temperatures  in  the  exposed 
lower  portion  are  certain  to  lead  to 
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failure  in  the  case  of  fire  and  con- 
stquont  exposure  of  steelwork.  Some- 
times flat  soffttc  tiles  are  used  in  which 
metal  wires  are  embedded  and  turned 
over  the  lower  flange  for  support  ; 
inverted  L  pieces  are  then  used  to  com- 
plete the  flange  protection.  The  use 
of  sucli  metal  attachments  is  another 


cause  of  failure,  and  has  been  strongly 
deprecated  by  insurance  underwriters. 
(.)n  large  span  floor  arches  the  eflect  of 
great  heat  has  sometimes  been  to 
produce  such  expansion  of  the  bUKks 
as  to  cause  crushing  of  some  of  the  tile 
shells  and  consetjuent  collapse  of  por- 
tions of  floor  panels.    Fig.  6  shows 
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various  forms  of  girder  protection  and 
floor  construction  in  terra-cotta  hollow 

tilf. 

With  regard  to  cement  concrete  as  a 
protection  for  steel,  certain  advanta^t  s 
may  be  urj^ed.  Foremost  of  these  is 
the  almost  etjual  expansion  of  concrete 
with  steel,  as  ajjainst  tiie  very  unKjual 
expansion  of  the  latter  with  terra- 
cotta till'.  Ai^ain,  tlicre  is  the  natural 
atlinity  tjr  bond  of  cement  concrete 
with  steel,  and  the  preservation  by 
cement  of  steel  au-ainst  rorrfi-i'>n  is  a 
matter  which  cannot  be  overlooked. 
These  throe  factors  have  b<*en  perhaps 
the  chief  ones  \vhi(li  hav(-  lead  to  the 
far  reaching  application  of  concrete 


on  reinforced  concrete  (191 1)  points 
out  that  concrete  composed  with  a 

limestone  aj^^refiate  crumbles  in  ex- 
posure to  fierce  fires,  gravel  and  sand- 
stone concretes  suffer  less,  and  concrete 
made  with  well  burned  furnace  slag 
or  coke  breeze  is  but  superficially 
injured  by  tire.  Concrete  of  broken- 
brick  affgregate  i-  more  afUctrd  than 
cinder  concrete  and  U>s  tiian  >tone  or 
gravil  (ximrtte.  This  is  what  one 
would  expect,  remenilx-ring  that  burned 
materials  do,  in  jzeneral.  witlistand 
tire  better  than  unburned  materials. 
Granite,  although  of  volcanic  onum. 
{'oes  not  witlistand  fire  well,  it  i^ 
cracked  and  splintered,  and  eventually 


nC.  6.— STIBL  CMDtlk  rROIKCTKb  BV  TERRA-CniTA  TILB.    AMCRICAN  ftVKTCM. 


and  steel  in  the  form  we  know  as 
reinforced  concrete.  Without  them 
the  resistance  of  concrete  to  compres- 
sion and  the  resistance  of  steel  to 
tension  and  shear  become  isolated 
facts.  With  these  properties  coik  n  te 
and  steel  may  be  safely  and  econo- 
mically combined  to  form  a  monolithic, 
homoLTt  neons  structure. 

Added  to  these  properties  that  of 
the  thermal  non-conductivity  of  con- 
crete as  ]irf)vc<l  hy  nianv  experiments 
and  tests,  the  insulation  of  steel  against 
heat  by  a  concrete  casing  becomes  a 
potent  determining  fa(  tor  in  the 
question  of  steel  protection  and  tire- 
resisting  construction  in  general.  As 
previously  remarked,  however,  the 
degree  of  fire  resbtance  poss<  vstd  by 
various  types  of  concrete  varies  con- 
siderably. The  siroiul  report  of  the 
Royal  institute  oi  British  Architects 


cnmiples  to  an  amorphous  powder ; 
pumice  or  lava  com n  te  on  the  other 
hand    is   a  Splendid   fire  resisting 
material. 

A  case  in  point,  with  regard  to  the 

diftrri-tirr  macli-  bv  ag^rci^ates  to  the 
fire  resistance  of  concrete,  is  that  of  a 
floor,  tested  by  the  British  Fire  Pre- 
vention Committee  in  11)05,  (onstnictcd 
with  broad  flange  steel  beams  and 
Thames  ballast  concrete.  This  floor 
failed  very  badly  in  the  test,  but  a 
similarly  constructed  floor,  save  that 
furnace  clinkers  formed  the  concrete 
aggregate,  proved  highly  successful 
in  an  exactly  similar  test  and  was 
classified  as  affording  "  full  protection." 

The  size  of  piece  to  which  the  aggre- 
gate is  broken  also  affects  the  tire 
resistance,  for  the  pitting  of  exposed 
concrete  tai  i  s  in  fire  when  subjected 
to  jet  from  high  pressure  hose,  corres- 
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ponds  roughly  with  the  size  of  indi- 
vidual pieces ;  small  pictcs  are  also 
better  for  complete  inlilling  arountl 
joists  or  reinforcement.  It  is  worthy 
of  note  that  a  "  wet,  rich  mixture  "  is 
better  than  a  "  dry  "  one  for  purposes 
of  firo  resistance  because  concrete,  to 
berom-  hot  mough  to  be  disintegrated 
must  have  previou>^]v  parted  with  its 
water  of  crystalHsation,  and  this  is  a 
very  slow  process.  It  is  rendered 
slower  in  the  case  of  a  wet  mixture 
and  it  is  presumed  that  a  tine  coating 
of  deh3^ratrd  mortar  is  formed  on 
the  exposed  face  of  the  concn-te,  in 
high  teniixrature,  which  protects,  the 
interior  of  the  concrete  uom  further 
deh\-dr  ition  for  a  considerable  length 
of  time. 

Against  the  use  of  concrete  as  a  steel 

protect  inn  and  fire- resisting  medium 
it  is  argued  by  tile  manufacturers  that 
(i)  many  failures  of  reinforced  concrete 
ha\-e  taken  place,  due  tO  the  effect  of 
hre  in  some  cases. 

(2)  .  It  is  shown  that  cinder  or 
breeze  concrete  has  often  proved 
dangerous  and  sometimes  actually 
inflammable  in  fires,  and  has  a  bad 
effect  on  steel  embedded  in  it  in  a 
consuU  rable  number  of  rases, 

(3)  .  It  is  also  demon>trated  tliat 
most  concretes  arc  coti^iderably  heavier 
than  hollow  tile  and  additional  cost 
of  steel  is  thereby  rendered  necessary  ; 
it  is  not  dried  so  quickl\  as  tile  and 
takes  lon!,'er  to  be  deposited  in  situ 
than  tiles  arc  hxed. 

These  argiunents  are  true  to  a 
certain  extent,  but  are  ooly  part  of 
the  truth. 

Reinforced   concrete    has  largely 

passeil  the  experimental  stage  and 
most  of  the  early  failures  have  been 
explained.  Such  failures  are  due  to 
inefTi>  lent  design,  b.id  (luality  of 
cement,  improper  grading  and  use 
of  unsuitable  aggregates,  lack  of 
proper  supervtjnon,  poor  workmanship, 
carelessness  and  striking  of  centreing 
before  concrete  has  been  thoroughly 
set.  A  formidable  list,  but  one  which 
has  been  thoro\ighly  grasped  and 
taken  to  heart  by  concrete  designers 
and  constructors,  and  in  no  way 
detracting  from  the  intrinsic  value  of 
properly    designed    and  constructed 


reinforced  work.   Most  failures  in  case 

of  fire  and  they  are  very  few  compared 
with  the  failures  of  dense  terra-cotta— 
have  been  due  to  inadequate  protection 
of  steel.  Man\'  doigners  appeared  to 
ronsider.  until  quite  recently,  that 
A  in.  of  concrete  to  outside  n  inforce- 
ment  was  ample  protection  against 
weather  or  fire.  It  has  been  shown 
by  experimenii>is,  large  tests,  anil  as 
the  experience  of  actual  tires  in  build- 
ings that  a  minimum  protciiioii  of  laO 
inchea  of  suitable  concrete  is  necessary 
in  such  positions  as  the  soflites  of  steel 
girder^  and  i. finches  in  the  ca<e  of 
small  steel  joists,  rods,  cS:c.  Something 
depends,  of  course,  on  the  size  of 
reinforcement  ;  thus  a  i  in.  loimd  rod 
oilers  but  little  exposed  surface  as 
compared  with  a  3  m.  by  lA  in.  by 
4  lbs.  rolled  steel  joist  ;  the  type  of 
aggregate  and  its  size  will  also  affect 
the  minimum  dimension,  but  the 
al)i'\<  is  a  safe  general  rule. 

\\  ith  regard  to  (2)  breeze  concrete, 
it  is  most  necessary  to  insist  on  all 
burned  material  having  been  thoroughly 
burned.  Pan-breeze  is  notorious  for 
being  partly  burned  coke  and  partly 
imperfectly  burned  coal  slack  ;  it 
also  contains  sulphur,  which  has  a 
ileleterious  effect  on  Portland  cement 
and  nu&y  lead  to  steel  corrosion. 
Breeze  concrete  is  very  porous  and 
this  quality  renders  it  of  greater  fire 
resistance,  in  a  similar  manner  to 
porous  tiles  ;  should  the  tamping  of 
such  concrete  be  imperfect  and  voids 
be  left  such  porosity  is  likely  to  lead 
to  (juick  corrosion  of  the  steel.  Breeze 
concrete  is  not  used  in  reinforced 
concrete  work  proper  since  it  has  not 
the  resistance  to  compression  offered 
by  other  types  of  concrete  of  inferior 
fire  resistance.  It  is  much  used, 
however,  in  the  form  of  slabs  for  par- 
tition and  ceiling  construction  and  a 
good  field  is  offered  as  an  additional 
protection  to  less  fire-resisting  con- 
cretes which  f)osscss  better  structiural 
qualities  Breeze  and  slag  for  con- 
crete should  be  thoroughly  dean, 
washed  and  free  from  sulphur. 

{3).  That  concrete  is  in  the  main 
heavier  than  semi-porous  or  porous 
tiles  is  undeniable.  For  this  reason 
remtorced  concrete  is,  in  the  mam. 
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unsuitable  for  the  construction  of 
extremely  high  buildings,  since  the 
size  of  piers  necessary  to  carry  the 
loads  would  entail  excessive  waste  and 
Joss  of  valuable  floor  space  and  light. 

Tile  construction,  solely,  has  ■.  ome 
advantages  not  possessed  by  reinforced 
concrete  and  viir  versa.  The  majorilv 
of  technical  opinion  in  England  is 
undoubtedly  greatly  in  fav«>ur  of  con- 
crete as  a  protection  for  steel,  and  in 


America  perhaps  the  balance  is  some- 
what in  fav<jur  of  tile,  but  even  there, 
opinion  is  veering  round.  Frame 
buildings  of  reinforced  concrete  are 
now  conunon.  but  they  are  usually  of 
moderate  height. 

A  further  development  of  the  con- 
troversy referred  to  has  been  a 
compromise  between  the  tile  and 
concrete  interests  which  has  led  to 
the  combination  of  both  foims  of  con- 
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struction.  Reinforced  concrete  beams, 
carrying  porous  tile  floor  bays,  are 
often  met  with.  Such  floors  have  been 
largely  adopted  by  the  National 
Fire-proofing  Company,  the  leading 
hollow  tile  manufacturers  of  the  United 
States,  in  conjunction  with  various 
systems  of  reinforced  concrete,  (.on- 
siderable  saving  in  centreing  is  effected, 
long  spans  are  erected  with  less  depth 
of  floor,  and  the  thrust  of  tile  arches, 
which  often  necessitated  tlie  use  of 
unprotected  ti '  rods — always  a  source 
of  danger—  eliminated.  Not  only  rod 
and  bar  reinforcement  is  used,  but 
various  types  of  vertical  mesh  re- 
inforcement are  adopted  with  the 
concrete  and  form  a  binding  for  the 
hollow  tiles.  Fig.  7  shows  Kahn 
reinforced  concrete  joist  and  IkjHow 
tile  floor  in  an  American  building. 

Suspended  ceilings  are  frequently 
adopted  to  afford  a  level  ceiling 
tliroughout  and  to  give  additional  fire 
protection  besides  providing  an  efii- 
cient  sound  and  heat  insulator.  The 
building  for  the  Fire  Insurance  Under- 
writers' laboratory.  Chicago,  stated  by 
insurance  experts  to  be  the  best  type 
of  fire-rcsisting  const  met  ion  in  the 
United  States,  is  constructed  with  steel 


girders  protected  by  specially  thick 
terra-cotta  blocks  and  the  floors  are 
on  the  "  Johnson  "  system,  a  com- 
bination of  hollow  tile  and  mesh 
reinforced  concrete  protected  in 
addition  by  a  ceiling  of  terra-cotta 
porous  tile,  laid  herring  bone,  immedi- 
ately below.  Expanded  metal  lathing 
and  concrete  is  fre(]uently  employed 
as  a  suspended  ceiling  and  special 
attachments  and  hangers  to  steel 
girders  are  provided. 

A  later  development  is  that  of  the 
hollow  concrete  block  or  tube  floor. 
Such  floors  consist  usually  of  joists  of 
concrete,  reinforced  by  special  bars 
or  rods  carrying  hollow  blocks  of 
light  breeze  or  pumice  concrete.  (See 
Fig.  8).  In  some  cases  the  blocks 
themselves  are  reinforct-d  on  their 
lower  edge  and  are  laid  side  by  side. 

The  advantages  of  such  construction 
arc  that  the  whole  flooring  area  is  cast 
in  moulds  previously  to  being  brought 
to  the  job,  and  is  ready  for  immediate 
erection,  and  quickly  dries.  Wooden 
forms  or  centres  are  avoided  except 
to  the  concrete  haunch  on  the  steel 
girders  upon  which  the  ends  of  the 
joists  or  tubes  lie.  A  thin  layer  of  wet 
concrete   is  deposited   on   the  upper 
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surface  of  the  whole  floor  which  may  be 
finislied  wilii  one  of  the  patent  jointless 
floors,  now  much  in  vogue. 
|%The  ultimate  tire-resis.tance  of  build- 
ings depends  very  greatly  upon  the 
design  and  general  arrangement. 

Such  p»)ints  as  staircase  and  elevator 
shafts,  service  lifts,  dumb  waiters, 
ventilating  shafts,  light  wells  and  areas 
demand  considerable  knowledge  of  hre- 
fighting  conditions  if  the  best  possible 
results  arc  to  be  achieved.  External 
openings,  such  as  windows,  doors,  etc., 
need  special  protection  against  the 
external  fire  hazard,  in  many  instances. 
Fire-resisting  shutters  afford  th*  best 
protection  against  excessively  severe 
exp«)sures  and  should  act  automatically 
in  case  of  tire  outbreak.  In  less  exposed 
situations  some  form  of  fire-resisting 
glazing,  such  as  wired  glass  or  electro 
glass  in  metal  frames,  should  be  pro- 
vided. 

Internally  the  avoidance  of  floor 
openings,  or  their  efficient  cut  oiY.  must 
be  one  of  the  main  consi«lerations, 
otherwise  rapid  spread  of  fire  from 
floor  to  rtoor  is  a  certainty,  and  in  case 
of  outbreak  the  fire  department  is 
offered  little  chance  of  successful  deal- 
ing with  It  if  numerous  flame  and  ^moke 
ducts    are    provided.     The  cflicient 


splitting  up  of  a  building  into  numerous 
fire-resisting  compartments  is  a  most 
succi'ssful  fonn  of  construction  for 
store,  warehouse,  hotel,  and  office 
buildings  where  it  can  be  arranged, 
in  which  case  all  doors  or  other  open- 
ings into  the  compartments  or  units 
must  be  fire-resisting  also. 

The  limitation  of  cidiical  capacity  in 
any  compartment  of  a  building  is  now 
recognised  by  all  fire  protection  ex{>erts 
as  a  matter  of  the  utmost  importance. 
The  lack«)f  such  precautions  as  opening 
protection,  limitation  of  contents  and 
efficient  cut  oft  at  floors  was  directlv 
responsible  for  the  loss  of  the  Equitable 
Building,  New  York,  on  January  I2th, 
i()i  2.  In  this  case  a  building  covering  a 
block  of  48,000  .superficial  feet  ten 
stories  high  at  parts  was  unprovided 
with  any  proper  sub-division  to  limit 
the  capacity  of  each  department,  and 
the  floors  were  pierced  by  a  number  of 
lift,  stair  and  light  shafts  in  a  most 
hazardous  manner.  The  fire  occurred 
in  the  early  hours  of  the  morning,  and 
thus  the  fire  department  was  practically 
unhindered,  save  by  severe  weather. 
The  lack  of  efficient  exits  for  the  1,500 
daily  occupants  of  the  building  was 
another  amazing  oversight,  and  that 
appalling   loss    of    life    would  have 
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occurred  Jiad  the  outbreak  taken  place 
several  hours  later  is  certain.  Six 

])r'r<'«ii-i  !<)^t  their  lives  in  thi-  fire.  In 
the  very  able  report  on  tliis  fu-e,  made 
by  Mr.  F.  J.  T.  Stewart,  Superintendent 
of  till-  Run  aii  of  Surveys  of  the  Now 
York  B<»ard  of  Fire  Underwriters,  it  is 
recommended  that  the  height  of  "  fire- 
prof>f  ■'  buildings  should  he  limited  by 
the  adequacy  of  their  fin-  proti  rf  joti, 
whether  by  internal  striu  tuial  hw 
Stops,  and  opening  protection,  smoke- 
proof  stair  towers  and  hydrant  equip- 
ment for  the  use  of  tirenuii,  or  auto- 
matic sprinklers,  A:c.  The  rei>ort  has 
been  ]Mil>Hshed  by  the  British  l"ire 
Prevention  Committee,  and  forms 
particularly  instructive  reading  with 
regard  to  the  American  point  of 
view. 

Narrow  buildings,  accessible  at  either 

end  «)nh-,  form  had  fire  risks.  It  is 
almost  imperative  that  such  buildin^^s 
be  lighted  by  a  central  court,  area,  or 
li,i,'ht  shaft,  and  the  stairciiM-  and  lifts 
arc  usually  placed  in  the  vicinity.  A 
favourable  opportunity  fcM:  the  quick 
spread  of  fire  to  all  floors  is  thus  imme- 
diately presented  and  unless  very  ade- 
quate cut  offs  are  provided  and  fire- 
resisting  L;la/,in!^'  and  shutters  installed 
and  HSiii  at  vertical  and  horizontal 
openings,  disaster  will  take  place 
sooner  or  later.  Planning  and  arrange- 
ment w  ith  regard  to  section  of  buildings 
is  a  nuu  h  more  important  matter  than 
many  people  suppose,  and  new  develop* 


ments  are  continually  taking  place  with 
re^ird  to  special  protection  of  the 
risks  that  may  arise  m  various  types  of 
building. 

A  logical  outcome  of  the  development 

of  general  arrangement  and  detailed 
fire  preventive  construction  is  the 
elimination  of  combustible  contents  in 
the  shape  of  floor  boarding,  dadoes, 
skirtings,  mouldings,  door  frames  and 
partitions,  desks,  shelving  and  furni- 
ture. 

That  large  fire  losses  do  take  place 
in  buildings  fully  e(]uipped  against 
destruction  by  fire  is  self-evident.  The 
percentage  of  such  losses  i--  often  f»ut  of 
proportion  to  the  cost  of  the  structure 
Itself,  and  in  such  cases  is  due  to  costly 
material  and  decoration  being  spoiled 
by  fire  or  by  the  destruction  of  valuable 
works  of  art,  jewellery,  pictures  or  per- 
haps se(  urities.  I'articularly  in  large 
public  buildings  in  which  such  valuables 
may  be  stored,  libraries,  museums,  art 
galleries,  \c,,  i-.  tin  rlimination  of  all 
burnable  materials  desirable.  Such 
fittings  are  not  essential,  and  may  be 
replaced  by  steel  fittings  of  good  d(  -ign, 
clean,  sanitary  and  hre-resisting  to  a 
point  (see  Figs.  9  and  10).  Lockers, 
desks,  flles»  wuik  and  library  fittings 
may  be  arranged  compactly,  economic- 
ally and  on  fire-preventive  lines  by  the 
installation  of  such  fittings, and  further 
development  in  the  dir-'ction  of  steel 
office  furniture,  wall  linings,  etc.,  may 
be  expected  in  the  near  future. 
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CAB  SIGNALS  AND  TRAIN  STOPS 

By  Wm.  H.  Daaunoad,  C.£.,  F. P.W.I. 

Id  view  i>f  rec*nt  accidents  this  artii  Ic  slumid  prove  of  sj>eri.il  interest.  Even  sinre  it  wa-i  written 
several  more  liave  unfortunately  o(  t  nil (il,  M'htch,  the  author  ointeuds,  would  have  been  r)rcvrntr<l 
bv  a  cah  ^icnallint;  svi^tem,  particularly  in  the  case  ol  the  AisKtll  disaster,  it  is  ortainiy  time  that 
the  wlinlc  i|iie>iiuii  Nliould  he  thoroushlv  investigated,  and  while  holding  no  brief  tur  any  particulac 

ni,  w.'  trust  tli.it  III!';  iikiv  he  <!(.ne.  —  l-niToR. 


RECENT  railway  history  furnishes 
numerous  instances  of  accidents 
of  a  kind  that  may  aptly  be 
tormrd  "  tixed  sipna!  wrorks."  These 
accidt  nts,  of  whicli  \'auxhall,  Ditton, 
Bromford  BridRc  and  Marylebone  are 
Enghsli  (xaniiilcs.  rrsnit  from  causes 
which,  practically  speakin.i,',  cannot 
be  prevented  by  fixed  signals,  but  can- 
not occur  with  modern  cab  sif^'nallinf,'. 
The  cost  of  installing,  al^)  the  com- 
bined costs  of  maintaining  and  opei^t- 
in,i;  the  -^vstems  in  which  these  wrcfks 
are  infvitablc,  are  greater  than  the  same 
costs  in  a  system  in  which  such  acci- 
dents arc  impcssihli-.  So  far,  then,  as 
"  fixed  signal  wrecks  "  are  concerned, 
there  are  at  present  two  alternative 
courses  <)j)cn  to  the  railways :  |thcy 
may  pay  heavily  and  get  wrecks,  or 
pay  less  and  avoid  them. 

The  gain  indicated  in  this  contrast 
is  not  merely  apparent,  it  is  a  real 
advance.  Although  cab  systems  per  se 
if  universally  adopted  would  still  leave 
railways  unprotected  against  other 
classes  of  wrecks,  yet  the  cab  system 
would  not  increase  the  number  of  these 
other  wrt  t  ks  nor  offer  any  impediment 
to  their  extinction.  To  cite  a  s])ecitic 
instance,  cab  signalling  would  certainh' 
not  have  prevented  the  notable  <<)lli- 
sion  at  llawes  |unetii»n,  nor  the  very 
recent  and  K-s  disastrous  one  at  Dal- 
muir.  Tia  k  (ireuiting  offers  at  pre- 
sent the  only  ^ure  preventive  of  acci- 
dents of  this  class.  But  track  cir- 
cuiting can  be  \\<r<\  (]iiite  as  readily 
with  modern  cab  signalling  as  with 
fixed  signalling. 

One  e\i  eedin^'h*  serious  mi-' ;)ke  j hat 
formerly  was  met  with  everywhere  is 
now  becoming  obsolete.  This  is  the 
false  notion  that  cab  s\-.teni--  are  a 
mere  bail  weather  expedient.  The 
argument  in  fa\'o«r  of  cab  systems  in 
.\merican  and  (  iii  idian  snows  and 
British  logs  is  plainly  unanswerable. 


But,  until  quite  recently,  railway 
olTicials  generally  have  overlooked  the 
important  fact  that.  althout,'h  bad 
w«Mfher  docs  ittcrrn'ii  the  need  f*»r  cab 
sigiiaihng,  such  weather  dot?,  not  mmc 
that  need.  Bad  weather  did  not  cause 
the  accident  at  Marylelvne  Station  nor 
the  one  at  Wavertree  Junction  ^X'cem- 
ber  nth,  1912)  ;  yet  both  of  these 
collisions  would  have  been  prevented 
by  modern  cab  signals.  Entirely 
apart  from  weather  conditions,  then, 
exrlu^ive  fixed  ^i^nallini:  is  wnin;Lr. 

Installed  at  some  places  as  a  train-stop, 
and  at  others  as  a  cab  signal,  cab  sys* 
tenis  have  been  in  regular  service  in 
Erance  for  more  than  twenty  years,  in 
England  and  the  United  States  for  over 
five  years.  Resides  all  this,  a  vast 
number  of  full  si/e,  long  time,  bad 
weather  and  high  speed  tests  of  cab 
systems  has  been  made  in  the  past  ten 
years  in  the  latter  two  countries,  and 
in  Germany  and  Canada.  From  data 
furnished  by  this  extensive  and  varied 
experience,  it  is  now  easily  possible 
to  pro,r  and  iorri  d  the  faults  of  present 
practice.  Railva\  -  u^ing  ti.ved  signals 
exclusively  ar«-  jierferilv  ri,:L;ht  in  refus- 
ing at  present  to  instal  any  of  the 
cab  s\  stems  now  in  rf^ular  sfrrice  ;  but 
it  is  entirelv  wnni^  for  any  <'f  these 
railways  to  fail  to  profit  by  the  marked 
improvements  made  in  cab  systems  in 

recent  vear-^. 

I  he  "  Piccadilly  I  ube  "  collision 
has  been  erroneously  i^iinted  to  as 
justifving  the  jirojK^itinn  that  the 
existence  of  a  cab  system  on  a  railway 
would  cause  drivers  to  be  less  attentive 
than  thev  otherwise  would  be  of  lixed 
signals.  This  proDosition  is  a  dan- 
gerous fallacy,  to  wnich  this  '*  Tube  " 
collision  lends  no  support.  The  driver 
was  as  "  inattentive  "  of  ti.xed  signals 
at  V'auxhall,  and  again  at  Lombards- 
town,  U'ltt'n'  tlurc  u  iis  no  aih  systt-ni,  aS 
he  was  on  the  Piccadilly  Tube,  where  a 
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cab  system  was  in  service.  The  driver's 
failing  to  pet.  or  his  misinterpreting  a 
properly  indicating  fixed  signal,  is 
wholly  or  partly  the  cause  of  numerous 
wrecks  on  lines  where  no  cab  system 


[J 


no.   I. — SICMAL  HAVING  Wrir.l|T<>  Or  PARTS 
morCRLY  l>ISTRIHl-TeD. 

has  ever  been  installed.  Such  wrecks 
are,  per  contra,  almost  absolutely  un- 
known on  lines  where  safe  handling 
of  traffic  is  exceedingly  difficult,  but 
where  cab  systems  have  been  in  use  for 
several  years.  Even  the  primitive  and 
exceedingly  faulty  cab  system  used  as 
a  train-stop  on  the  Piccadilly  Tube  has 
famished  a  higher  margin  of  safe 
operation  there  than  coukl  possibly  be 
attained  by  fixed  signals  alone.  A 
modem  cab  system,  fulfilling  those 


correct  signal  engineering  requirements 
which  the  "  Tube  "  cab  system  violates, 
would  unquestionably  have  prevented 
the  "  Tube  wreck." 

Fig.  I  illustrates  an  application  of  a 
correct  simi  illin-  principle  that  is 
strictly  obivnl  b\'  exclusive  fixed 
systems,  hut  liiat  is  violated  by  manv 
cab  systems,  including  train-stops  in 
use  on  the  London  underground  rail- 
ways. In  this  figure  the  weight  of  the 
spectacle  casting  is  sufficiently  greater 
than  that  of  the  semaphore,  to  in'^ure 
that  the  latter  shall  go  to  the  danger 
(horizontal)  position  by  gravity.  Con- 
trast this  with  Fig.  2,  which  illustrates 
a  numerous  class  of  faulty  cab  systems. 

Fig  2  pre  supposes  that  each  train 
carries  a  "  triii-ri n  k,"  tlir  InwrT  end 
of  the  handle  of  which  lies  about  an  inch 
or  more  above  the  track  rails  ;  and  this 
trip-cock,  if  thrown,  will  effect  the 
application  of  the  brakes  and  thus  stop 
the  train.  The  duty  of  the  apparatus 
shown  in  Fig.  2,  then,  is  to  cause  the 
stop  arm  to  rest  in  the  position 
shown  broken-lined  (so  as  not  to  throw 
the  trip-cock  on  a  passing  train)  when 
the  fixed  signal  is  at  clear  ;  and  to  cause 
the  arm  to  be  up  in  the  full  lined  posi- 
tion (ready  to  throw  a  trip-cock)  when 
the  tixed  signal  is  at  danger.  The  stop 
arm  is  ilepressed  pneumatically.  W  hen 
the  track  ahead  becomes  occupied,  air 
is  permitted  to  escape  from  the  air 
cylinder ;  and  the  spring  is  depended 
upon  to  return  the  stop  arm  to  the 
raised  position,  so  as  to  protect  an  on- 
coming train.  If  the  spring  should 
become  clogged  with  dirt,  ballast  or 
snow  ;  or  the  connecting  rod  should 
become  bent  or  broken,  the  next  train 
would  be  imperilled. 

The  better  train-stops  and  cab  signals 
now  obtainable,  not  only  eliminate  this 
spring  and  rod  arrangement,  but  also 
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do  away  with  the  necessity  of  |>r<»\  idint^ 
comprt'ssi'd  air  all  alonj,'  tlu-  lii-r  a 
prohibitively  expensive  item  in  any 
but  an  urban  railway.  Instead  of  the 
expost  J  moving  i)arts  of  Fig.  z,  which 
are  open  to  the  danger  of  freezing  in  the 
clear  position,  the  modem  cab  systems 
provide  a  fixed  ramp,  which  cannot  fail 
to  perform  its  part  in  protorting  the 
train,  no  matter  what  the  ojiuiition  of 
the  weatlier.  But  earlier  fixed  ramp 
systems  yicldrd  a  sup<Tiority  more 
apparent  than  real,  as  wc  shall  pre- 
sently see. 

In  addition  to  the  s^ystcin  ■^hown  in 
Fig.  2,  there  are  many  others  of  the 
trip-cock  type,  including  those  in  \ise 
on  tin-  Xi  A  ^'ork  Subway,  the  Hilton 
Elevated  Railroad,  and  the  San  Fran- 
cisco, Oakland  and  San  Jose  Railway. 
The  Pete  Mar(]iict(e  Railroad  trird  jne 
of  these  inferior  systems  at  Detroit  in 
IQXO,  and  the  Penn^lvania  Railroad 
at  Philadelphia  in  X911.  The  various 
systems  of  this  class  differ  widely 
from  each  other,  but  all  of  them  are 
decidedly  inferior  to  aiiy  one  of  M-vt-ral 
fixed  ramp  systems,  including  the  one 
illustrated  by  Fig.  6. 

The  change  on  the  track,  from  a  stop 
arm  to  a  fixed  ramp,  involved  con- 
comitant changes  on  the  train.  A 
simple  trip-cock  and  a  fixed  ramp 
would  constitute  an  impossible  com- 
bination ;  since  they  would  co-operate 
to  stop  the  train  at  every  ramp,  no 
matter  what  the  condition  of  the  track 
ahead.  In  fixed  ramp  systems,  there- 
fore, the  simple  trip-cock  is  replaced, 
on  the  train,  bv  an  elect rically  »)perated 
stop-valve,  and  the  circuit  to  this  valve 
is  controlled  by  a  ramp-engaging  mem- 
ber also  carried  bv  the  train.  At  anv 
given  ramp,  then,  the  invariable  moving 
of  the  ramp-engaging  member  may  be 
accompanied  by  electrical  action  or  not, 
according  to  track  conditions  ahead ; 
and  the  electrical  action  may  quite 
easilv  be  made  to  opjiose  tin-  m>  1  liani- 
cal  action  in  the  effect  produced  on  the 
stop-valve.  In  this  class  of  systems, 
the  mechanical  lifting  of  a  ramp- 
engaging  member  causes  the  train-stop 
to  act  ;  hence,  the  combined  and 
mutually  opposing  lifting  and  electrical 
effects  at  a  ramp  must  hold  the  train- 
stop  out  of   action.     The  best  hxed 


ramp  SN'stems  to-day  are  those  in  which 

i/j  when  the  train  is  between  the 
ramps,  the  cab  signals  are  held  "  off  " 
(tram-stop  out  01  action)  by  current 

generated  on  the  Ioconi< 't  i\ c  ;  i7()  the 
train-stop  is  held  out  ot  action  (cab 
signals  held  "  off  ")  at  proper  ramps 
by  current  generated  off  the  train  ; 
(c)  electricity  is  not  t'mplovrJ  t  >  <t  nd 
the  audible  or  vis  al  tab  signal-  '  on  " 
(or  to  apply  the  train-stop). 

There  is  no  practical  ditliculi\-  in 
making  a  simple  trip-cock  handle  light, 
so  as  to  avoid  scrious  trouble  of  break- 
in;;.  1>\'  impact  with  a  stop  arm.  at 
rather  high  train  s|)eed.  The  foregoing 
advantages  of  the  fixed  ramp  systems 
wrre  discotiiited,  at  first,  bv  the  prac 
tical  fact  that  a  ratnp-engaging  member 
must  be  virtually  heavy.  In  other 
words,  this  mcrnlirr.  cNi-n  if  ai  tnally 
light  must,  neverthele>>,  press  heavily 
on  ramps  ;  since  hea\  y  pressure  is  prac- 
tically iiKli^pcnsablf  to  good  electrical 
contact  between  a  train-carried  member 
and  a  dirty,  nisty.  or  icy  ramp.  The 
strikinii  point  o|  a  luavy  member 
receives  more  punishment  than  the 
same  point  of  a  light  member  provided 
the  striking  speed  of  the  in<ml>i  r  is 
the  same  in  the  two  cases.  But  a  sharp 
distinction  must  here  be  drawn  between 
the  striking  speed  and  the  train  speed. 

Fig.  3  shows  in  sim]>litied  form  a 
cab  s\  stein  type  wliu  h  has  enjoyed 
considerable  favour.  While  certainly 
I'vadinii,  the  ini]iact  trouble  ju>t  men- 
tioned, the  sy.^tem  in  Fig.  j  does  not 
practically  cure  that  trouble.  This 
system  retpiires  the  engine  to  be 
insulated  from  the  tender  an(.l,  at  each 
signalling  point,  a  small  length  of  track 
rail  to  be  in-«iilatcd  from  the  adja.ci'nt 
portions.  Une  terminal  of  the  coil 
of  the  signal  magnet  is  connected  to 
one  pile  of  the  locomotive  lialtcry,  the 
remaining  cuil  terminal  being  earthed 
on  the  cngin<>,  and  the  remaining 
battery  pole  tarllu<l  on  the  tinder. 
As  ajjpears  from  l  ig.  3,  when  the  train 
is  anywhere  between  two  signalling 
points,  the  signal  is  held  at  dear,  in 
consequence  of  the  circuit  from  the 
locomotive  battery  being  completed 
through  the  track  rails.  When  the 
train  arrives  at  a  siirnalling  ]>oint,  after 
the  last  eiiyine  wheel  enters  llie  insulated 
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rail,  and  until  the  first  tender  wlucl 
enters  the  same  rail,  this  circuit  is 

at  tho  insulated  rail  joint,  and  tlu- 
signal,  thus  far  will  fjo  hv  i;ravitv  to 
dtuiger.  But  if  the  switdi  is  closed 
the  coil  circuit  instea<l  of  bein,^  broken 
is  diverted  so  as  to  be  completed 
throutjh  the  track  battery. 

In  I-'ii^.  3,  if  the  insulation  in  thi^ 
locomotive  coupling  should  break  down 
while  the  signal  is  "  off  the  circuit 
from  locomotive  battery  to  signal 


riC.  3. — CAB  SICKAL  CWriOVINO  •HORT  IXSt'LATItO  TRACK  KAIL  SKCT10KS  AMD  IKSflATBtl  lOCOMOTIVt  PAKTt. 


\'arious  types  of  "  wireless  "  systems 
have  been  looked  upon  as  affording 
means  for  obviatint^  thi-^  itnpart 
trouble,  but  not  a  single  '  wireless  " 
S5^tem  worthy  of  adoption  has  yet 
appeared.  The  fact  that  manv  "  win  - 
less  "  systems  actually  require  much 
more  wire  than  equally  good  "  non- 
win  lrss  "  systems  weii^'hs.  of  course, 
against  the  former.  Some  wireless 
wstems  employ  current  to  give  a 
danger  signal  (or  to  apply  mrakes). 


magnet  would  be  completed  through 
this  coupling.  The  signal  would,  there- 
fore, continue  to  indicate  clear  even 
when  th(>  enirine  and  tender  b<v(>nie 
sej)arated  by  an  insulaleil  rail-joint,  and 
the  switch  is  open.  Here,  then,  the 
cal)  sit,^nal  w(!nld  continue  to  indicati" 
clear,  even  when  the  track  ahead  is 
dangerous.  A  like  effect  would  result 
from  the  accidental  tarthint.'  of  the 
insulated  rail  section.  Without  men- 
tioning further  objections  which  prob- 
ablv  suqK<  themselvi  -,  this  kind  of 
cab  system  perfectly  eliminates  impact 
trouble — only  to  introduce  grave 
troubles  that  were  absent  before  this 
cure  (?)  was  applied. 


which  is  a  direct  violation  ol  a  funda- 
mental principle  of  safe  signalling 
(or  train  stopping).  It  is  quite  true 
that  there  are  wireless  svstt  ins  which 
are  perfectly  iree  from  this  last  ilefect ; 
but  the  very  fact  that  they  are  "  wire- 
less "  imparts  to  them  a  dangerous 
quality  from  whivh  the  li.xed  ramp 
type  is  utterly  free.  In  wireless 
systems  the  signal  ma::nct.  on  a  given 
train,  may  hold  a  signal  at  dear  as  a 
result  of  either  induction  or  Hertzian 
waves  faci  (irdiiiL'  to  the  particular 
system  consiilered)  from  a  primary 
circuit  or  a  "  wave  wire "  intended 
for  another  train.  Tlie  corrt  -ponding 
danger  of  holding  the  train-stopping 


oiyiLi^od  by  Google 


244 


CASSIER'S  ENGINEERING  MONTHLY 


apparatus  out  of  action  is,  of  course, 
present  in  wireless  systems  employed 

as  train-stops.  The  well  known  pheno- 
mena which  present  themselves  here 
would  produce  a  sufficiently  dangerous 
tendency  in  simple  track  lav-outs. 
These  phenomena  wuuki  constitute  a 
formidable  menace  in  the  exceedingly 
numorotis  lay-outs  in  which  a  primary 
circuit  or  a  wave  wire  for  one  route 
ought  to  be  "  dead  "  at  a  given  instant, 
but  would  have  to  cross,  at  very  ac\ite 
angles,  the  "live"  primaries  or  the  "live" 
wave  wires  of  several  other  routes. 

Eliminatinp.  as  utterly  worthless, 
all  systems,  whether  ramp  or  wireless, 
which  employ  electrici^  either  to 
give  a  danger  signal  or  to  apply 


by  insulated  joints,  the  electrical  dis- 
continuity being  represented  in  the 
draMOng  by  the  breaks  in  the  track 
rails.  It  will  be  observed  that  in 
addition  to  the  distinctive  Hertzian 
wave  apparatus,  this  system  utilises 
the  wcil-knuwn  track  circuit  com- 
monly employed  in  automatic  fixed 
signalling.  Here,  then,  the  track 
battery  and  the  relay  in  any  block  are 
connected  to  the  track  rails  of  that 
block,  the  battcrv'  at  the  forward,  and 
the  relay  at  the  rear  end  of  tlie  block. 
By  this  arrangement  the  track  rails 
of  any  given  block  --rtAc  to  carrv 
current  from  the  track  battery  nor- 
mally to  the  relay.  But  the  pres^ce 
of  a  pan:  of  ordinary  metal  train  wheels 
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the  train-stop,  it  could  easily  be 
proved  that  the  sole  advantage  that  a 
"  wireless  "  system  per  se  could  give 
over  a  ramp  system  is  to  prevent 
impact.  But  breakage  and  rapid 
wearing  are  the  only  evil  effects  of 
ramp  impact  ;  and  ramp  type  cab 
systems  that  have  recently  appeared 
reduce  these  evils  to  a  purely  negligible 
quantity. 

Fig.  4  illustrates  a  track  arrange- 
ment for  the  Hertzian  wave  class  of 

wireless  cab  systems.  Apparatus  of 
this  class  has  been  installed  experi- 
mentally in  both  Canada  and  the 
United  States.  Fig.  4  shows  one 
block  complete,  together  with  the 
forward  portion  of  tlie  preceding,  and 
the  rear  portion  of  the  following  block. 
For  convenience  of  reference,  these 
blocks  are  numbered  23.  24,  and  25, 
the  complete  block  being  24.  The 
track  rails  of  any  blo«  k  are  sepa- 
rated from  those  of  the  adjacent  blocks 


in  a  block  will  sluuit  current  awav 
from  the  relay.  In  countries  like 
England,  where  the  wheel  centre  and 
rim  are  insulated  from  each  other,  in 
the  case  of  passenger  cars,  it  would 
be  necessary  to  bond  the  two  parts  of 
the  wheel.  But  this  cannot  be  con- 
sidered as  a  detriment  to  the  wireless 
cab  system,  since  such  Ixmding  is 
perfectly  feasible,  and  i<^  equally  neces- 
sar\-  for  modern  automatic  fixed 
signalling. 

In  I-ig.  4,  it  will  be  observed,  a 
transformer,  actuating  an  oscillator, 
is  provided  at  each  block  junction, 
the  transformer  being  fed  from  a  pair 
of  high  tension  wires  nmning  along 
the  railway.  Since  block  24  is  clear, 
current  from  the  track  battery  will 
energise  the  relay  of  this  block,  but 
since  block  25  is  obstructed,  track 
battery  25  (not  shown)  will  not  energise 
relay  25.  Hence,  relay  24  will  be 
closed  and  relay  25  open,  as  drawn. 
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Wave  wires  24  will  thus  be  cut  off 
(at  relay  25)  nam  cmitact  with  their 

oscillator,  while  the  contact  finger  of 
relay  24  will  connect  wave  wires  23 
with  their  oscillator.  While  a  train 
runs  throuLrh  block  23.  the  antenn;e 
on  the  train  will  pick  up  Hertzian 
waves  from  live  wave  Mrires  23,  and 
these  waves  will  cause  the  cab  signal 
to  be  held  at  clear  and  train-stop  out 
of  action ;  when  the  train  enters 
block  24  the  train-carric  <  1  antennae 
will  pick  up  no  waves  (sinct-  wave 
wires  24  are  dead),  and  the  cab  signal 
will  go  to  danger  and  the  train-stop 
be  applied. 

The  wireless  system  shown  in  Fig.  4 
cannot  give  distinctive  home  and 
distant  cab  signal  (or  stop)  effects. 
Moreover,  the  cab  signal  will  go  to 
danger  (or  stop  will  be  applied)  as  soon 
as  the  locomotive  enters  block  24, 
which  is  too  soon.  No  railway  ought 
to  adopt  a  cab  system  which  (under 
normal  rircnm-^tances)  ri'qnircs  that 
the  driver  must  be  permitted  to  dis- 
regard a  danger  cab  signal.  Of  course, 
making  the  cab  signal  and  stop  magnets 
release  slowly  does  not  meet  the  case. 
On  account  of  the  wide  variation  of 
signal  point  intervals  and  the  enormous 
variation  of  speed  of  any  given  train, 
the  proper  rate  of  magnet  release  for 
low  train  speed,  or  long  signal  intervals 
would  produce  an  even  worse  result 
than  that  just  noted  ;  it  would  delay 
the  danger  signal  (and  stop  action) 
for  the  high  speed,  or  short  interval. 

Fig.  4  presupposes  the  idea  of 
control hng  the  motions  of  trains  by 
means  of  coherers  on  the  locomotives  ! 
An  even  worse  class  of  wireless  cab 
signals  and  train-stops  was  recently 
tried  in  (i- rmanv.  Kven  if  a  coherer 
circuit  on  the  locomotive  were  entitled 
to  serious  consideration,  it  could  at 
least  be  said  that  Fii;.  4  makes  a 
proper  use  of  such  an  element ;  sinct, 
m  this  system,  waves  transmitted  to 
the  cohtMcr  product'  the  clear  signal, 
or  hold  the  brakes  off.  In  the  German 
system,  however,  the  waves  are  trans- 
mitted to  the  coherer  to  give  the 
danger  signal,  or  to  apply  the  brakes, 
and  this  is  precisely  what  such  waves 
should  not  be  used  for.  Tlw  reported 
results  of  the  tests  (?)  of  this  German 


cab  system  prove  nothing.  The 
promptness  with  which  the  train  is 

stop|H<l  flrmonstratcs  the  ef^'iciencyof 
ihe  brakt'  and  not  of  the  train-stop. 
This  im)>ortant  distinction  may  be 
exi'mplitied  by  reference  to  the  recent 
Yeovil  wreck.  According  to  the  Great 
Western  driver's  testimony,  the  brakes 
on  the  locomotive  at  Yeovil  were 
quite  capable  of  effecting  the  quick 
stopping  that  was  so  irrelevantly 
enlarged  u\»>n  in  accounts  of  the 
German  tnal>,  but  these  brakes  did  not 
prevent  a  serious  wreck.  A  proper  cab 
system  (signal  or  stop)  would  certainly 
have  prevented  the  Yeovil  collision— 
not,  however,  by  providing  braking 
power,  but  by  ensuring  the  application 
of  the  brakes  at  the  ])roper  time. 
In  considering  any  proposed  train- 
stop,  the  all  important  criterion  is 
not  the  quickness  with  which  the 
brakes  stop  the  train,  but  the  certainty 
with  which  the  train  stop  api)lies  the 
brakes. 

Fig.  5  shows,  simplihed,  a  cab 
system  which  has  been  in  regular 
service  in  France  for  many  years. 
Here  the  danger  whistle,  in  the  cab,  is 
controlled  by  a  whistle  magnet.  One 
side  of  this  magnet  is  earthed  on  the 
locomotive,  the  other  side  being  con- 
nected to  a  wire  contact  brui.li  sus- 
pended from  a  low  point  on  the  loco- 
motive. At  each  cab  signalling  point 
on  the  track  a  contact  bar  is  located, 
rising  to  sufficient  height  to  be  rubbed 
bv  the  contact  brush  of  any  passing 
locomotive.  In  each  signal  bo.\  is  a 
battery  and  a  switch.  One  side  of 
this  battery  is  grounded  on  the  track 
rail,  while  the  other  side  is  connected 
to  the  contact  bar,  the  circuit  from 
battery  to  bar  being  controlled  by 
the  switch. 

When  a  train,  carrying  a  mute 
whistle,  encounters  a  contact  bar,  the 
switch  for  which  is  open,  the  whistle 
remains  silent ;  but  when  the  train 
encounters  a  bar,  the  switch  for  which 
has  been  closed  by  the  signal-man, 
the  circuit  from  the  battery  is  for  the 
moment  completed  through  the  coil 
of  the  whistle  magnet.  This  magnet, 
then,  momentarily  attracts  its  arma- 
ture, thus  opening  the  whistle  valve, 
the  stem  of  which  is  fastened  to  the 


Digitized  by  Google 


246  CASSIER'S  ENGINEERING  MONTHLY 


armature.  The  amiature  is  so  con- 
trolled by  springs  that,  once  put  in 
either  extreme  position,  it  will  remain 
there  until  started,  electrically  or 
manuaUy,  to  tiie  other.   Hence,  the 


no.  5.— COHTACT  BAR  TWS  OF  AVPIVLK^CAB  SiOMAL. 

vdiistle  will  continue  to  blow,  even 

after  the  loromotix'e  leaves  the  contact 
bar,  unlU  the  driver  shuts  the  whistle 
valve. 

The  system  illustrated  in  Fif^.  5  is 
one  which  no  railway  could  atlord  to 
adopt  to-day.  A  single  broken  wire 
or  broken  connrotion,  is  snffiriont  to 
jeopardise  a  train.  An  exhausted 
battery  or  a  single  pround  on  a  ramp 
or  a  brush,  or  on  ;i  wnc  conncrU-d 
to  either  would  produce  the  same 
dan|^QS  error. 

Fig.  6  illustrates  one  of  the  fixed 
ramp  cab  systems  wliich  corrects  the 
serious  defects  that  are  now  known  to 
be  possessed  by  all  of  the  cab  signals 
in  regular  service  in  Eni^land.  This 
system,  as  a  visual  and  an  audible 
cab  signal,  has  been  the  subject  of 
perfectly  conclusive  full  size  tests. 
No  such  failure  as  a  single  ground, 
open  circuit,  or  eschaust^  battery, 
also  no  concurrence  of  any  number 
of  failures  of  one  or  more  of  these  three 
classes  can  prevent  the  giving  and 
the  continuance  of  the  danger  signal, 
visaal  or  audible.   Since  a  train-stop 


valve  in  no  wise  differs  fundamentally 
from  a  danger  whistle  valve,  this 

system,  when  used  as  a  stop,  possesses 
the  merits  just  noted  for  it  as  a  cab 
signal.  This  system  is  here  shown, 
for  simplicity,  as  a  visual  and  an 
audible  home  cab  signal  only,  but  it 
can  be  used  for  both  distant  and 
home  cab  signals.  Moreover,  it  can 
be  used  for  either  permis>ive  or  absolute 
working  (American  practice),  and  for 
giving  starting  and  a<lvant  e  starting 
information  (lihtish  practice). 

In  Fig.  6  the  ramp-engaging  member 
is  an  insulated  wheel,  which  is  knocked 
into  rotation  by  impinging  on  a  ram^. 
Hie  circuit  through  this  wheel  is 
restricted  to  the  lower  part.  Hence, 
the  signals  must  go  to  danger  instantly 
if  the  wheel  should  become  so  broken 
as  to  prevent  the  proper  working  of 
the  system.  Contact  of  wires  with 
wheel  is,  of  course,  effected  by 
"  brushes  "  which  are  rubbed  by  the 
wheel  as  the  latter  rotates.  The 
circuit  breaker  is  carried  by  the  axle 
box  of  the  insulated  wheel,  but  is  here 
drawn  out  of  its  prop>er  place,  in  order 
to  show  the  wiring  clearly.  W  hen  the 
^\llr  1  is  raised  by  a  ramp  the  circuit 
breaker  is  opened  and  the  signals  go 
to  danger  by  gravity  a.ssisted,  in  the 
case  of  the  audible  signal,  by  steam 
pressure.  Htit  this  is  prevented  if 
the  ramp  relay  (or  ramp  switch)  is 
closed,  for  then  the  whistle  and  visual 
signal  magnets  will  be  thrown  in 
circuit  witli  tlie  ramp  battery  during 
the  time  the  circuit  breaker  is  open. 

For  a  long  time,  inventors  of  ramp 
systems  made  the  mistake  ot  employing 
a  shoe  or  lever  as  the  ramp-engaging 
member.  This  apparently  resulted 
from  two  errors,  one  of  which  was  the 
opinion  that  a  sliding  member  afforded 
better  electrical  contact  with  ramps 
than  could  be  secured  by  a  rolling 
member.  The  other  error  consisted 
in  overlooking  the  fact  that  a  \ir\ 
great  reduction  of  impact  is  attainable 
by  the  extremely  simple  expedient  of 
a  properly  proportioned  turning  num- 
ber. Ivven  in  those  cases  where  wheels 
were  used,  apparently  to  reduce  ramp 
friction,  these  wheels  were  so  designed 
as  to  leave  the  destrueti\'e  tendency 
on  the  striking  point  practically  un- 
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diminished  as  compared  with  the 
piinfehment  experienced  by  the  same 
point  on  a  shoe. 

A  ramp-cngaginR  wheel  which 
rotates  with  a  peripheral  speed  equal, 
at  any  instant,  to  the  train  speed  will 
entirely  diniiiiate  all  trouble  from 
breaking  on  ramps,  provided  the  radius 
of  the  wheel  is  large  as  compared  with 
the  rise  of  the  wheel  on  the  ramp. 


those  which  such  a  wheel  obviates. 
For  obvious  practical  reasons,  this 
wheel  would  have  to  be  smaUer  than 
any  train  wheel,  preferably  much 
smaller,  and  since  it  rotates  continu- 
ously (while  the  train  is  in  motion) 
the  wear  saved  at  the  ramps  would 
partly  re  appear  at  the  axle  of  the 
ramp-wheel. 
A  ramp-wheel  which  is  "  rotatable/' 


ne.  c— rixzo  lUMr  cas      tbv  op  tnb  **  rotatailb  "  RAMr— wrbbl  cvass. 


Such  a  wheel,  on  the  train,  and  a 

ramp,  at  signalling  p'jints  only,  con- 
stitute an  eminently  practical  pair 
for  a  eab  system.  A  wheel  of  tliis 
kind  offers  a  real  run-  for  the  impact 
difficulties  encountered  in  tlie  earlier 
development  of  tixed  ramp  cab 
systems;  for.  while  this  wheel  intro- 
duces some  troubles  not  experienci-d 
with  the  shoe  or  lever,  the  added 
troubles  are  exceedingly  less  than 


that  is,  which  does  not  turn  until 
kri'"  ked  into  rotation  by  a  ramp, 
has  further  improved  this  class  of 
cab  systems.  In  this  connection  it 
must  be  remembered  that  the  ramp 
wheel  is  an  electrical  contactor  as 
well  as  a  mechanical  member,  and 
the  "  lirushes  "  which  rub  against  the 
wlieel  for  electrical  ptirp<)ses  slightly 
opp<jsc  rotation.  Because  this  wheel 
rotates  only  intermittently,  it  reduces 
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to  a  negligible  quantity  the  axle- 
bearing  trouble  of  the  former  wheel. 
Theoretically,  this  rotataUe  wheel 
stands  between  the  shoe  and  the 
continuously  rotating  wheel  in  the 
matter  of  primary  importance,  viz,, 
ramp  impact.  Practically,  however, 
the  rotatable  wheel  is  the  best  of  the 
three.  It  is  now  known  that  the 
rotatable  wheel  reduces  ramp  impact 
more  tluin  one-half,  as  compared  with 
a  shoe  of  the  same  weight  and  at  the 
same  train  speed.  The  comprehensive 
practical  experience  alluded  to  above 
proves  that  this  is  as  great  a  reduction 
of  impact  as  has  any  practical  sig- 
nificance. By  a  series  of  full  size 
tests  extending  over  nearly  two  years, 
the  writer  has  proved  that,  as  regards 
electrical  contact  with  ramps,  a  rotat- 
able wheel  is  considerably  better 
than  a  shoe  and  practically  as  good 
as  a  continuously  rotating  wheel, 
ramp  pressure  being,  of  course,  the 
same  in  all  three  cases. 

It  is  hoped  that  the  foregoing  brief 
review  of  present  conditions  is  sufficient 
to  indicate  more  or  less  clearly  that 
exclusive  fixe<l  signalling  is  wrong  in 
principle ;  that  until  recently  such 
signalling  was  justifiable  only  as  a 
necessary  evil  ;  and  that,  the  necessity 
having  been  completely  removed,  the 
prompt  application  of  safer  methods 
IS  urgently  nrcdcd.  It  wonld  hv  a 
dangerous  mistake  to  continue  the 
habit  of  saying  that  a  dri^nn^s  failure 
to  get  fixed  signals  is  proof  of  "  care- 
lessness "  on  his  part.  Keferriug 
recently  to  two  drivers  who  had  just 
wrecked  two  New  Haven  trains 
by  such  carelessness  (?),  Mr.  Charles 
Mellen.  the  president  of  that  railroad 
company  wisely  said,  "  Let  us  not 
blame  them,"  and  added  that  his  road 
proposed  helping  the  drivers  by  a 
particular  type  of  cab  systems.  The 
two  New  Haven  accidents,  West- 
port  and  Bridgix)rt,  call  for  cab 
systems  no  more  urgently  than  the 
numerous  class  of  British  wrecks  cited 
above.  This  American  road  is  now  taking 


active  measures  to  apply  the  only  cure 
for  such  wrecks,  viz.,  a  cab  system. 
How  many  British  roads  are  doing  so  ? 

I'ntil  quite  recently,  railways  had 
one  \alid  excuse,  bt4t  only  one,  on 
which  to  base  their  failure  to  instal 
cab  systems,  and  that  was  the  fact 
that  every  cab  system  ever  proposed 
possessed  some  serious  fault.  It  is 
not  only  (U-monstrable,  it  has  been 
repeatetily  tlemonstrated,  by  wrecks, 
that  exclusive  dcpt^ndence  upon  fixed 
signals  ought  to  be  abandoned  as  soon 
as  equally  practical  and  reliable  cab 
systems  can  be  obtained.  Modem 
ent^incrrinj,'  [iroi^ress  has  complct^'lv 
satisfied  this  requirement,  and  so 
destroyed  all  justification  for  continued 
reliancr  on  exclusive  fixed  siL^ri^alling. 
So  inferior,  indeed,  is  such  signaliuig 
that  the  Giemin  de  Fer  du  Nord  of 
France  was  probably  right  in  abandon- 
ing it  more  than  twenty  years  ago ; 
even  though,  owing  to  the  backward 
state  of  cab  syst(  ni-  then,  the  "  Nord  " 
was  compelletl  to  adopt  a  cab  signal 
which  is  extremely  faulty,  as  com- 
pared with  such  as  are  now  a\  ailable. 
The  Paris,  I.vcms  and  Miditerranean 
Railway  a  short  \\  hile  ago  decided  to 
try  a  cab  system  (signal  form)  through- 
o\it  three  hundred  miles  of  doubh' 
track.  In  the  United  States,  a  board 
of  experts,  after  nearly  five  years, 
careful  studv,  oft'icially  declared  that 
the  raikoads  ought  to  be  given  to 
understand  that  the  cab  system  (train- 
stop  fnrni)  "  must  be  developed  by 
theui  as  rapidly  as  possible."  The 
need  for  cab  systems  in  the  United 
State-  i\<ir^  not  bv  anv  means  arise 
from  conditions  peculiar  to  that 
country,  but  from  conditions  which 
America  and  England  pos^ess  in  com- 
mon. How  nmch  further  waste  of 
shareholders'  money  and  workers* 
and  pa'-^eiifjers'  lives  must  be  occa- 
sioned in  Great  Britain  by  clearly 
preventible  ii:recks  before  the  United 
Kingdom  ascends  to  the  levd  of  the 
I'nited  States  and  Irance  in  this 
extremely  important  matter  ? 


THE  MANUFACTURE  OF  ARMOUR.PIERCING 

PROJECnUBS* 

By  Gcncial  Lcandto  Cubillo 


SINCE  the  inauguration  of  the 
era  'of  Hirnourcd  vessels  by  the 
equipment  of  the  French  frigate 
Gloire,  the  necessity  has  been  imposed 
of  designing  guns  of  such  power  as 
to  impart  sufficient  energy  to  their 
projectiles  to  enable  them  to  break 
down  the  resistance  offered  by  the 
armour.  In  addition,  it  was  also 
required  that  the  material  of  which 
the  projectile  was  made  and  its  form 
should  be  such  as  to  produce  complete 
perforation  of  the  plate.  Though 
the  material  of  which  the  armour 
plates  were  made  at  the  time  of  their 
first  introduction  would  present  no 
difficulty  of  attack  with  the  means 
which  metallurgical  scionro  at  the 
present  day  places  at  our  disposal, 
that  was  not,  by  any  means,  the  case 
fifty  years  ago.  It  was  no  easy 
matter  to  pierce  a  plate  of  forged  or 
tolled  iron  by  direct  or  oblique  attack 
with  cast  iron  balls  or  with  cylindrical 
or  oelval  projectiles,  even  if  of  crucible 
ste^  such  as  was  then  obtainable. 
Spherical  projectiles  were  discarded 
and  cylinders  with  ogival  points, 
and  even  cylinders  with  flat  heads 
were  tried,  as  designed  by  the  cele- 
brated late  Sir  Joseph  VVhitworth, 
who  applied  his  mechanical  genius 
to  the  solution  of  many  problems  in 
metallurgy  and  mechanics,  particu- 
larly those  bearing  on  the  construction 
of  artillery. 

The  Palliser  projectiles,  which  were 
the  first  to  be  used  with  success  against 
armour  plate,  were  made  of  cast  iron, 
the  ogival  point  being  cast  in  a  metal 
mould  and  the  cylindrical  portion  in 
ordinary  refractcvy  sand.  By  this 
means  it  was  endeavoured  to  give 
extreme  hardness  to  the  mat^al 
fonning  the  point,  that  being  the  part 

*Ki-.i(l       Brussdi  meeting  of  Iron  and 

Steel  Institute. 


required  to  perfonn  the  actual  work  of 

piercing  the  armour  plates.    The  reason 
why  a  cast  iron  of  definite  composi- 
tion on  being  cooled  rapidly  becomes 
a    brilliant    white    and    of  txtrrme 
hardness  is  now  well   known,  but 
forty  or  fifty  years  ago  the  influence 
of  silic(m  in  counter:icting  the  forma- 
tion of  white  cast  iron,  and  that  of 
manganese  and  sulphur  in  promoting 
it  were  entirely  unknown.    The  melt- 
ing mixtures  from  which  the  best 
Palliser  projectiles  were  obtained  were 
the  result  of  experience  on  the  part  of 
foundrymen,  and  the  various  kinds 
of  iron  used  in  their  composition  were 
denoted         classification  numbers. 
In  a  certain  way  the  manufacture  of 
the  old  Palliser  projectile  wa"^  similar 
to  that  of  modem  ones,  but  the  opera- 
tions involved  in  making  the  former 
were    extremely    short    and  simple. 
The  casting  of  the  point  in  a  metallic 
mould  gave  to  the  projectile  at  once 
both  Its  hnal  form  and  the  necessary 
thermal   treatment  which  hardened 
it.    In  the  manufacture  of  the  pro- 
jectiles of  the  present  day  the  process 
IS  infinitely  longer  and  more  compli- 
cated, but  in  principle  it  is  the  same, 
and  approximates  the  more  to  the 
Fetlliser  process  if  the  projectile,  in- 
stead of  being  forged,  is  simply  cast 
and  subjected  afterwards  to  thermal 
treatment.  Certain  rules  based  on 
e.xperience  contributed  to  good  results 
in  the  manufacture  of  Palliser  pro- 
jectiles.   For  instance,  the  thickness 
of  the  metallic  mould  had  to  be  equal 
to  half  the  diameter  of  the  projectile. 
The  author  is  inclined  to  dwell  on  the 
subject  on  account  of  having  himself 
inaugurated  and  taken  charge  of  the 
manufacture  of  such   projectiles  for 
several  years  at  the  Arsenal  of  Trubia. 
W  hen  materials  distinct  from  ordinary 
wrought  iron  began  to  be  used  in  the 


oiyiLi^od  by  Google 


250 


CASSIER'S  ENGINEERING  MONTHLY 


manufacture  of  armour  plate  the 
Palliser  projectiles  were  no  longer 
capable  of  piercing  them,  and  failed 
completely  against  the  Schneider 
plates  of  homogeneous  steel,  as  well 
as  the  English  compound  plates  and 
those  hardened  by  the  Harvey  or  the 
Krupp  processes.  The  same  progress 
in  metallurgical  science  which  made  it 
possible  to  improve  the  armour  platO 
material  contributetl  also  l)v  degrees 
to  the  perfecting  of  projectiles.  Ad- 
vantage was  taken  of  the  property  of 
chromium,  which  increases  the  hard- 
ness and  toughening  capacity  of  the 
steel  in  a  higher  degree  than  carbon, 
but  without  increasing  the  brittleiiess, 
and  a  certain  proportion  of  this  metal 
was  added  to  the  material  used  in  the 

mantifacture  of  projectiles. 

For  some  time  the  Holtzer  projectiles 
had  a  great  reputation  ;  these  were 
made  of  chromium  steel,  and  were 
greatly  in  demand  for  testing  tiie 
quality  of  armour  plate,  but  when 
uae  ternary  and  quaternar>'  steels 
came  to  be  employed  in  the  manu- 
facture of  the  plates,  the  surfaces  of 
which  were  cemented  to  a  certain 
depth  and  afterwards  luinlened.  even 
the  chronimm  steel  projectiles,  tem- 
pered and  hardened  as  they  were  to 
an  extraordinar>'  degree,  could  not 
pierce  the  plates,  lortunately  the 
mvention  of  the  cap  again  gave  the 
preponderating  advantage  to  the  pro- 
jectile in  the  struggle  which  for  fifty 
years  has  been  maintained  between 
It  and  the  armour  plate. 

When  the  Holtzer  projectile  was 
first  introduced,  about  1886.  there 
were  no  plates  which  could  withstand 
it  in  any  way.  During  the  decade 
1880-1890  the  compound  armour  plate 
was  in  general  use  in  England  ;  in 
Other  countries  of  Europe  and  in 
America  both  compound  and  steel 
plates  were  in  use,  against  which,  as 
already  stated,  the  Palliser  projectiles 
were  harmless,  especially  the  com- 
pound plates.  In  the  following  de- 
cade, 1890-1900,  the  cap  for  pro- 
jectiles came  into  use,  and  by  1S96 
it  was  generally  acknowledt;)  <l  that 
it  was  verv  difticult  to  pierce  the  Harvey 

elates  without  that  attachment.  The 
United  States  adopted  capped  pro- 


jectiles in  1900,  and  it  was  estimated 
that  thereby  the  penetrative  capacity 
of  the  projectile  against  Harvey 
plates  was  increased  by  15  to  20  per 
cent.,  but,  on  the  other  hand,  no  effect 
was  produced  at  angles  of  greater 
obliquity  than  20^  from  a  right  angle, 
that  is,  at  an  angle  of  70"  witli  the  face 
of  the  plate.  Nevertheless,  the  test- 
ing of  plates  with  uncapped  projectiles 
continued  up  to  1904,  though  from 
1901  the  importance  of  the  cap  was 
daily  becoming  more  manifest  because 
the  points  of  the  projectiles  without 
that  attachment  broke  on  striking 
the  hardened  plates.  The  cap  pro< 
tected  the  point  on  the  first  impact, 
and,  though  the  exact  action  has  not 
yet  been  satisfactorily  explained,  it 
is  certain  that,  whereas  unprotected 
projectiles  are  warded  off  by  the 
plate,  those  with  caps  easily  penetrate 
and  pierce  it  completely.  However, 
it  is  not  necessary  to  go  further  into 
the  history  of  this  accessor>'  of  the 
modem  piercing  projectile,  and  it  is 
enough  to  say  that  its  importance  has 
become  more  and  more  recognised 
and  that  its  form  and  manner  of  attach- 
ment have  changed  considerably  since 
the  time  of  Johnson  down  to  the  most 
modern  hollow  tv-pes  produced  by  Sir 
RnlxTt  Hadheld's  firm,  which  give 
such  excellent  residts  when  hred  at  an 
oblique  angle. 

COMPOSITIOX  AST)  PHYSICAL  PRO- 
PERTIES OF  THE  Materi.xl.^ — As  men- 
tioned in  the  first  part  of  the  paper, 
the  material  out  of  which  projectiles 
are  nianufactiured  is  usually  a  ternary 
steel;  sometimes  a  quaternary  steel 
is  tised,  which,  in  the  opinion  of  the 
author,  is  superior  to  the  former. 
The  ternary  steel  is  formed  by  an  ad- 
mixture of  chromium  and  a  quaternary 
by  the  addition  of  chromium  and 
nickel,  and  the  proportion  of  the 
chromium  in  the  ternary  mixture 
and  that  of  chromium  and  nickel  in 
the  quaternary  are  such  that,  not- 
withstanding the  relatively  high  per- 
centage of  carbon  in  the  former  case, 
the  two  types  of  steel  belong  to  the 
pearlitic  sieries — that  is,  their  critical 
points,  lK>th  in  heating  and  in  cool- 
ing, are  above  500"  C.  As  specimens  of 
tiie  two  types  of  material,  the  chemical 
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malyses  of  two  ternary  and  one  The  heating  and  coohng  curves  of 

quaternary  steel,  as  used  at  Trabia  the  two  kinds  of  material  used  in  the 

for  the  manufacture  of  projectiles,  manufacture   of   piercing  projectiles 

are  given  in  the  following  table : —  were  determined  in  the  laboratory  at 

Chanieal  Atudfftii, 


c. 

Ha. 

Cr. 

Ni. 

Si. 

s. 

Per  Ci-nt. 
0-848 
081$ 
0485 

Per  Cent. 
0-581 
0294 
0582 

'  Per  Cent. 
«"3i« 

0  749 

Per  Cent. 
2545 

Per  Cent. 
0-163 

0-220 
0*400 

Per  Cent. 
0-020 
0-030 
0-040 

Tensile  Tesls. 


Nature  of  Test 

Elastic 
Limit . 

Breaking 

Strain. 

Elongation. 

Observations. 

AloriK  the  ^T.un  .. 
Across  the  ^rain  ,. 
Along  the  grain 
Across  the  grain 

Along  the  grain 
Across  the  grain 

Tons  per 
sq.  in. 
21-28 
19  35 
35-47 
33-54 

57'7<i 
560 1 

Tons  por 
Sq.  In. 

-15  53 
38  .}0 

5»ii 

4353 

67  08 
05  79 

Per  Cent. 
20-5  \ 

2VO  J 
185  \ 
13*0  J 

190  ( 

Chromium  steel  (or  a  15  centi- 
metre projectile,  annealed. 

Cliromium  steel  for  a  15  centi- 
metre projectile,  quenched  in 
oil  and  tempered. 

Chromiam  nickel  steel  for  a  X5 
centimetre  projectile,  quenched 
in  oil  and  tempered. 

The  examination  of  the  clicmical 

anal\-s("^  confirms  what  has  just  Ixcn 
explained,  that  is  that  both  the  ternary 
and  quaternary  types  of  steel  are 
pearlitic.  For  the  chromium  steel 
it  would  be  necessary  that  the  per- 
centage of  the  added  element  shoold 
be  about  4  per  cent.,  the  carbon  bi-ini; 
somewhat  above  0  8  per  cent.,  in  order 
to  bring  the  material  within  the  range 
of  the  niartensitic  steels.  With  regard 
to  the  chromium-nickel  steel,  it  is 
necessary  to  reduce  the  chromium 
and  carbon  percentages  in  order  to 
retain  the  steel  within  the  pearlitic 
range.  The  great  superiority  of  the 
quaternary  steel  over  the  ternary  will 
readily  be  seen  on  examining  the  tensile 
tests.  In  short,  the  elastic  limit 
particularly  and  the  jrield-point  are 
considerably  increased,  the  ductility 
remaining  the  same,  tlius  affording 
evidence  of  the  great  improvements 
due  to  tlie  adclitif)n  of  rliromium  and 
nickel  tu  the  ordinary  carbon  steel. 


Trubia,  a  Le  ChateUeroSaladin  pyro- 
meter being  used  for  the  purpose. 
The  curve  for  the  ciu"omium  steel 
(Fig.  i)  exhibits  during  heating  one 
critical  ix)int  only,  Ac  ^2.r  at  783"  C, 
the  corresponding  reverse  point 
Ar3,«.t  occurring  at  730'  C. ;  the 
difference  due  to  lag  is  53"  C.  If  the 
point  Ar3,2,i  of  this  steel  be  com- 
pared with  the  point  in  a  steel  contain- 
ing the  same  percentage  of  carbon 
there  is  in  the  latter,  according  to 
Carpenter  and  Keeling,  a  dilference 
of  44*  C,  which  represents  the  amount 
by  which  the  point  has  been  lowered, 
due  to  the  presence  of  2  371  per  cent, 
of  chromium.  In  the  chromium- 
nickel  steel  it  will  b<'  noted  that  the 
point  Ac3,2,i  occurs  at  741°  C.  (Fig.  2), 
whereas  the  corresponding  point 
Ar3,2,i  occurs  at  656'  C,  the  difTfer- 
ence  being  105"  C.,  indicating  an 
extraordinary  degree  of  lag.  In  a 
steel  with  the  same  percentage  of 
carbon   the  corresponding  point  on 
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cooling  is  at  777*  C,  or  a  difference  of 
141**  C,  which  brings  out  vcr>'  clearly 
the  influence  of  tlie  chromium  and 
nickel,  especially  that  of  the  nickel, 
in  lowering  the  critical  point  on  cool* 
in^.  The  determination  of  these 
critical  points  supplies  the  necessary 
data  for  fixing  the  temperatures  at 
which  the  subsequent  heat  treatment 
should  be  performed  in  the  further 
processes  of  manufacture. 

Proces'^  of  ^^A^•l•I••ACT^RE.-  The 
next  question  is  what  are  the  opera- 
tions necessary  for  the  entire  manu* 
facturc  and  finishing  of  a  r(  ing 
projectile  after  the  melting  operation. 
Is  fofging  an  absolute  necessity,  or, 

no.  i<— ■RAttHe  Airo  coouno  cvrvks  op  nm 

TUHAKY  STBEL. 

Cbronimn,  r^yt  per  ccDt.;  Carbon,  o-Si9  pnr  cent. 

on  the  other  hand,  can  the  projectile 
be  cast  in  its  approximate  final  form, 

and  require  no  further  operation  to 
finish  it  than  the  necessary  heat 
treatment  ?  Theoretically  it  has  been 
proved  that  a  metal  free  from  blow- 
holes derives  all  its  physical  and 
mechanical  properties  from  its  chemical 
composition  and  the  subsequent  heat 
treatment.  If,  therefore,  the  steel 
fonnder  can  be  relied  upon  to  pro- 
dun^  an  absolutely  sound  metal, 
forging  can  be  dispensed  with,  for,  as 
the  author  has  already  pointed  out  in 
his  previous  paper  on  the  manufacture 
and  treatment  of  steel  for  guns,  the 
principal  object  of  forging  is  not  so 
much  to  give  the  pieces  their  final 
shape  as  for  tlie  purpose  of  trans- 
forming the  crystalline  structure,  due 
to  casting  in  metal  moulds,  into  the 
fine-grained  and  almost  amorphous 
structure,  which  a  material  with  the 
necosary  physical  and  chemical  pro- 
perties must  possess.  It  may  be 
mentioned  that  the  well-known  firm. 


the  Hadfield  Steel  Foundry  Company. 
Sheffield,  have  until  recently  manu- 
factured high-class  piercing  projectiles 
by  casting  only,  without  any  forging 
operation,  which  gave  uniformly  ex- 
cellent results,  and  they  can  supply 
such  projectiles,  if  preferrcti.  At 
present,  however,  they  forge  all  their 
armour-piercing  shells. 

At  Trubia,  as  in  most  factories 
engaged  in  the  manufacture  of  piercing 
projectiles,  forging  forms  a  part  of  the 
entire  process  of  manufacture.  In  any 
case  the  annealing  of  the  nu  tal  is 
indispensable  after  casting  without 
forging,  or  after  forging,  if  forging  is 
practised.   If  the  metal  has  simply 


rtC.  2. — HSATtXO  AMO  COOLIMO  CUmVKS  OP  TBS 
QUATMIfAltV  •nil. 

Cbromium,  0*749  P«r  cent. ;  oickH.  3*343  pcr  cmUt 
CirboB,  o*4S5  p«r  cent. 


been  cast,  annealing  has  the  effect  of 
restoring  the  molecular  equilibrium. 

which  will  have  been  destroyed  by  the 
unequal  cooling  of  the  steel  in  the  metal 
moiud,  and  the  equilibrium  imparted 

by  annealing  puts  the  piece  into  good 
condition  to  undergo  the  subsequent 
heat  treatment.  As  regards  harden- 
ing and  tempering,  these  are  absolutely 
indispensable  operations,  but  the  final 
hardening  of  the  point  presents  the 
principal  difficulty  in  the  manufacture 
of  the  projectile.  At  Trubia  pro- 
jtH:tiles  undergo  two  hardening  pro- 
cesses the  first  by  quenching  in  oil, 
followed  by  tcmpcrin!.,',  and  the  second 
when  the  mechanical  work  upon  the 
projectile  is  completely  finished,  with 
the  exi  rption  of  putting  on  the  saltire. 
This  final  hardening  operation  is  the 
more  important  of  the  two.  being  that 
which  gives  to  the  point  of  the  pro- 
jectile that  superior  hardness  which 
enables  it  to  attack  the  hardened 
surface  of  the  plate,  and  completely 
pierce  it,  whether  striking  it  director 
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at  an  oblique  angle.  The  remainder 
of  the  projectile  does  not  require  to 

have  the  same  deforce  of  hardness, 
since,  once  the  ix>int  has  penetrated 
the  body  of  the  projectile  passes  the 
hole  without  (lilTiculty.  and  serves  no 
other  purpose  than  to  impart  the  energy 
required  to  complete  the  work  of  total 
perforation.  If  it  is  not  possible  to 
harden  the  point  equally  throughout 
its  whole  thickness,  it  must  at  least 
be  externally  of  an  intense  h;irflncss, 
which  may  gradually  diminish  to- 
wards the  interior,  as  m  the  case  of  the 
Palliser  projectile,  whi-re  this  effect 
was  produced  by  casting  the  point  in 
a  metal  mould. 

Conrerning  the  tempering  of  the 
point  of  piercing  projectiles,  with  a 
view  to  ronoving  to  some  extent  the 
effect  of  the  unstable  equilibrium  due 
to  hardening,  the  practice  is  not  to 
temper  them  after  hardening,  as  it  is 
considered  preferable  to  run  the  risk 
of  possible  fracture  rather  than  reduce 
the  hardness  in  any  degree.  The 
whole  projectile  is,  however,  sub- 
mitted finally  to  a  jjentle  heat  treat- 
ment wluch,  as  far  as  possible,  ensuies 
it  against  fracture  due  to  any  sudden 
and  extreme  changes  of  alnio'ipheric 
temperature  to  which  it  is  likely  to  be 
exposed. 

At  Trubia  the  steel  intended  for  the 
manufacture  of  piercing  projectiles 
is  melted  in  the  open-heortn  furnace. 
On  the  Continent  and  in  England 
crucible  steel  is  used  for  the  purpose, 
because  the  crucible  process  has  always 
been  considered  the  best  for  obtaining 
a  material  of  the  greatest  purity,  as 
required  for  this  very  special  product ; 
but  it  is  possible  to  produce  in  the 
open-hearth  furnace  a  steel  so  low  in 
phosphorus  and  sulphur  as  to  be 
serviceable  for  making  projectiles. 
For  that  purpose  the  very  best  and 
purest  matenals,  such  as  Swedish 
iron  and  jpuddled  blooms  of  Bilbao 
hxmatite  iron,  are  employed.  The 
ferro-manganese,  ferro-chrome,  nickel, 
and  lerro-silicon  used  as  additions  are 
the  purest  obtainable  of  this  class  of 
metails.  For  the  oxidation  of  the 
charge  Campanil  ore  is  used  of  the 
best  quality  to  be  found  in  the  Bilbao 
district.    The   melting   and  rehning 


processes  are  conducted  with  the 
greatest  care,  so  as  to  avoid  oxida- 
tion of  the  bath,  and  should  it  l>eeome 
oxidised,  deoxidisers  are  added  at  the 
end  of  the  heat.  The  ferro-iiirome 
and  nickel  additions  txfotf  ilKiririnc: 
are  preheated  in  a  special  furnace 
alongside  of  the  melting  furnace,  so  as 
to  a\()id  rooHni,'  tlie  bath.  The  charge 
is  not  completely  decarburised,  but  is 
tapped  when  the  calorimetric  analyses 
at  the  end  of  the  refining;  operations 
indicate  that  it  has  reached  the  requisite 
degree  of  carborisation,  taking  into 
account,  of  course,  the  carbon  in  the 
ferro-chrome  added  to  the  bath 

The  metal,  when  finished,  is  poured 
into  moulds  of  square  section  with 
rounded  corners.  They  are  lined  at 
their  upper  ends  with  refiractory 
material,  intended  to  keep  the  metal 
fluid  at  the  top  as  long  as  possible, 
in  order  to  feed  the  shrinkage  of  the 
steel  as  it  cools,  thus  largely  preventing 
pipe.  The  author  still  maintains  his 
opinion,  previously  expressed,  that, 
provided  the  ingots  are  free  from 
blowholes  and  poured  in  moulds  lined 
at  the  top,  compression  does  not 
materially  improve  the  physical  and 
mechanical  properties  of  the  st<'el,  the 
only  substantial  advanta{.,'e  being  a 
saving  of  metal.  The  author's  atten- 
tion was  lately  drawn  to  the  series  of 
experiments  carried  out  by  Heyn 
and  Bauer  at  the  Gross-Licnterfelde 
Testing  Laboratories  in  order  to  deter- 
mine what  improvements  in  the 
physical  properties  of  the  steel  are 
effected  by  the  Harmet  process  of 
fluid  compression.  The  investigators 
adopted  the  only  rational  method  for 
the  study  of  the  questi^m— that  is, 
they  divided  the  charge  into  two 
equal  parts,  one  of  which  was  cast 
into  ingots  in  ordinary  metal  moulds 
and  the  other  into  ingots  which  were 
compressed  by  the  Harmet  process. 
Three  kinds  of  steel  were  examined— 
medium  hard,  hard,  and  hard  nickel 
steel.  From  these  three  classes  of 
compressed  and  uncompressed  material 
sections  from  the  top.  middle,  and 
bottom  of  the  inj^ots  were  rolled  in 
I-girders,  from  which  test-pieces  were 
cut  and  subjected  to  the  u-nal 
mechanical  tests,  the  results  of  which 
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show  in  general  that  the  girders  rolled 

from  th'-  sound  part  of  the  uncom- 
pressed ingots  were  not  inferior  in  any 
respect  mm  those  rolled  from  the 
compressed  ingots. 

The  forging  of  piercing  projectiles 
is  an  operation  requiring  the  greatest 
care.  Taking  account  only  of  the 
carbon  percentage  the  material  may 
be  classed  as  hard  steel,  and  more 
complt  ti  ly  so  when  it  is  a  chromium 
steel.  It  is  of  great  importance  that 
the  ingot  should  be  preluatctl  before 
introducing  it  into  the  reheating  fur- 
nace, and  even  then  it  is  dt  sirable  that 
the  furnace  should  be  at  a  sufhciently 
low  temperature.  I'nless  these  pre- 
cautions are  carefully  obxrved  the 
ingot  is  likely  to  fracture  transversely, 
as  has  more  than  once  happened  withm 
the  autlior's  e.\|X'rience  in  Trubia. 
The  reheating  having  been  carefully 
performed  in  this  manner,  the  ingot 
of  2.1  tons  is  forged  under  the  press 
until  it  is  circular  in  section  throughout 
its  length,  and  of  a  diameter  which 
exceeds  that  of  the  finished  projectile 
by  just  so  much  as  to  allow  the  neces« 
sary  machining.  The  greater  part  of 
the  head  is  then  removed  by  cropping. 
The  blank  is  then  reheated  and  the 
point  is  forged.  The  annealing  opera- 
tion is  now  necessary  to  restore  to  the 
material  the  conditions  of  equilibrium 
which  have  been  changed  by  the  work 
of  forging.  The  annealing  is  [nr- 
fomied  at  the  temperature  deduced 
from  the  cooling  curves,  and  the 
<q)eration  being  complete,  the  blank 
is  passed  to  the  machine  shops. 

In  the  machine  shop  projectiles  are 
first  cut  to  length,  and  then  bored 
out  in  order  to  form  the  cavit}'  intended 
to  receive  the  explosive  charge.  At 
the  same  time  the  cylindrical  exterior 
and  the  point  are  turned  up  in  the 
lathe,  and  the  projectile  is  then  ready 
for  hardening  in  oil. 

H.\RnKNING        AND      TeMPFRING. — 

Though  it  is  not  necessary  that  the 
whole  projectile  should  receive  the 
intensive  thermal  treatment  which  is 
required  to  give  to  the  point  the  hard- 
ness necessary  for  piercing,  it  is  con- 
sidered, nevertheless,  that  the  harden- 
ing of  the  entire  projectile  in  oil  is 
cjctremely  beneficial.   As  the  result  of 


this  operation,  which  must  be  followed 

by  tenij)eriiiL,'.  the  material  acquires 
an  extremely  hne  grau\,  and  certain 
notable  phv'sical  properties,  as  shown 
in  the  table  giving  the  results  of  the 
tensile  tests.  If  tlie  tluree  character* 
istic  tensile  properties  of  the  chromium 
steel  are  good,  the  corresponding 
properties  of  the  chromium- nickel 
steel  may  be  said  to  be  quite  surprising. 
It  is  inconceivable  that  any  other 
material  than  the  chromium-nickel 
steel  can  show  a  ctjuihination  of 
properties  equal  to  the  elastic  limit, 
the  yield  point,  and  the  elongation 
per  cent,  of  this  steel,  particularly 
when  it  is  considered  that  this  latter 
amount  is  measured  in  a  length  of  2*4 
inches. 

For  the  oil-hardening  a  vertical 

furnace,  heatetl  by  a  gas-producer,  is 
provided.  The  projectile  is  heated 
about  100"  above  its  critical  point,  the 
temjx-rature  beini;  measure*  1  by  a  Le 
Chatelicr  pyrometer.  The  hardening 
is  then  performed  in  an  oil-bath  of  a 
capacity  equal  to  ten  times  the  weight 
of  the  projectile.  The  tempering  is 
carried  out  at  a  temperature  of  400° 
to  500°  C. 

Having  been  oil-hardened  and  tem- 
pered, the  final  treatment  is  given  to 
th(  i  nmt,  and  the  projectile  is  now 
fini^lK(l  with  the  exception  oi  fitting 
the  saltire. 

After  receiving  the  final  heat  treat- 
ment the  projectiles  remain  for  at>out 
eight  or  ten  days  in  the  hardening 
department,  at  the  end  of  which  time, 
if  thev  have  not  fractured,  their 
capacity  to  resist  sudden  changes  of 
temperature  is  tested.  The  object 
of  this  test  is  to  ascertain  whether  a 
projectile  can  withstand,  without  break- 
mg,  a  sudden  change  of  temperature 
of  about  60'^  to  70°,  which  is  a  greater 
variation  than  is  hkely  to  occur  in 
extreme  climates.  The  test  is  per- 
formed by  placing  the  projectile  for 
a  certain  time  in  boiling  water  until 
it  attains  that  tempi*rature,  and  then 
plunging  it  sudde  nly  in  cold  water. 

Bri:.\kagls  t  hough  it  very  rarely 
happens  that  inwjectiles  fracture  on 
being  hardened  in  oil,  fracture  may 
occur  after  the  ]x>int  has  undergone 
the  linal  heat-treating  operation.  In 
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view  of  the  very  drastic  nature  of  this 
treatment  of  the  metal,  which,  if  it 

contained  the  simple  equivalent  of 
carbon,  would  be  classed  as  \  viy  hard, 
and  considering  also  the  thickness  of 
the  point  where  it  joins  the  cylindrical 
portion,  it  is  difficult  to  carry  out  the 
nardenmg  operation  in  such  a  way  as 
not  to  produce  internal  stresses. 
Special  precautions  arc  necessary,  on 
account  of  the  fact  that  the  operation 
introduces  a  state  of  unstable 
equiUbnum  in  the  material  and  is  not 
followed  by  a  tempering  process,  which 
would  re!ie\f  tlie^e  abnormal  stresses. 
The  effect  of  this  very  rapid  quenching 
of  the  surface,  thougn  somewhat 
relieved  by  the  heat  yiildt d  up  by 
the  internal  layers,  cannot  fail  to 
create  considerable  tensile  and  com- 
pressive stresses,  sometimes  of  a 
magnitude  sufficient  to  overcome  the 
cohesion  of  the  molecules  and  produce 
fracture.  When  this  delicate  hanlen- 
ing  operation  was  first  practised,  it 
was  a  frequent  occurrence  for  the  pro- 
jectile to  crack,  but  that  rarely  happens 
now,  and  when  it  does  the  cracks  only 
become  visible  after  several  days. 
Sudden  changes  of  atmospheric  tem- 
perature must  be  avoided,  the  slii^dit 
stresses  due  to  such  changes,  wlien 
added  to  those  caused  by  hardening, 
beini;  stmietimes  sufficient  to  produce 
fracture.  Ihe  cracks  occur  in  the 
point  at  a  greater  or  less  distance  fmm 
the  extremity,  and  in  a  plane  normal 
to  the  axis.  Some  idea  may,  there- 
fore, be  formed  of  the  enormous 
stresses  in  the  metal  produced  by 
hardening.  It  is  within  the  author'r. 
recollection  that  on  a  winter  momin;^. 
when  the  temperature  suddenly  rose 
sev^eral  degrees,  the  points  of  six  or  eight 
projectiles  which  had  been  hardened 
about  eight  days  previously  developed 
cracks.  Such  cracks  seldom  occur 
in  the  plane  of  the  diameter,  but  almost 
always  vertically  through  the  point. 
Fracture  is  not  always  due  to  physical 
causes  only,  as  it  has  Ix'en  proveii  that 
by  diminishing  the  percentage  of 
manganese,  the  number  of  breakages 
is  also  diminished. 

The  Mani  f.acture  of  the  Cap. — 
Since  the  introduction  of  cap  projec 
tiles  the  advantage  has  been  recog 


nised  of  makhig  the  cap  of  a  softer 
material  than  that  of  the  projectile, 
and  it  is  now  considered  good  practice 
to  use  an  extra  mild  steel.  These 
opinions  notwithstanding,  a  quaternary 
steel  is  used  at  Trubia,  though  with  a 
lower  percentage  of  chromium  and 
nickel  than  that  contuned  in  the 
projertilr  steel.  The  followint;  is  the 
composition  of  a  steel  for  caps,  which 
has  given  excdlent  results : — 

Per  Cent. 

Carbon  . .  . .    0*40  io  0  45 

Silicon  ..  ototoo't5 

MangaaeM  ..  0-50  to  060 

Phosphorus  ..  . .  o-j 

Sulphur  . .  o,{ 

Chromtam  ..  030100-35 

Nickel  ..  i-30toi-jO 

The  tensile  properties  are  shoWD  in 
the  following  table  : — 


EUiktle 
Limit. 

BrMking 

Strain. 

Elonfa- 

tion. 

.'Kuiicaird  adrr 
torn  lid  .. 
Hartlrncil  In  oil 
And  tempered . . 

Ton*  fri 
sq.  In. 

M"4« 

4W«3 

Tons  p«r 
»q.  ia. 

4ro« 
5»-93 

Prr  Cent. 
10 

The  steel  for  the  caps  is  melted  in  an 

open-hearth  furnace,  and  is  comjwsed 
of  the  best  materials,  the  operations  of 
melting,  refining,  and  tapping  being 
performed  with  the  same  degree  of  care 
as  IS  bestowed  on  the  material  of  the 
projectiles.  The  steel  is  forged  in 
round  bars  after  removal  of  all  surface 
cracks  from  the  ingot,  and  is  then 
annealed  and  cut  into  short  lengths 
convenient  for  stamping:  .\fter  stamp- 
ing the  caps  are  oil  hardened  and  tem- 
pered  in  the  same  manner  as  the 
projiTtile,  and  then  undeiiga  the  final 
tiiermai  treatment. 

The  heating  and  cooling  curves  of  the 
steel  for  the  caps  is  sliown  in  Fig.  3, 


nOk  3.— ■lAttHo  AND  cooLiNo  CVKVU  or  •ncL 

rO>  CAM. 
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FIO.  4. — THBZB  no  LB.  SHELLS  SIIOM'ISC  RESULT*  OT  TEST.  TIIZY  WERE  FIRED  AT  A  SCMNrilitR  NICKEL 
STKSL    rLATS    7*1   IXS.  THICK   AT  A   RANGE  OF    330   FT.        ONLY    THE    CHROIIIUM-NICKBL    STtEL    »HtLI.    (nO.  3) 

rCNCTRATCD   THE   PLATE  WITHOVT  BREAKING. 


from  which  it  will  be  seen  that  the 
critical  points  in  heating  and  coohng 
are  not  more  than  50°  C.  apart. 

Firing  Tests. — After  having  des- 
cribed the  manufacture  of  piercing 
projectiles  it  may  be  of  interest  to  give 
some  account  of  their  behaviour  on  the 
testing  ground.  Up  to  the  present  the 
only  tests  carried  out  against  chromium- 
nickel  steel  plates  hardened  by  the 
Krupp  process  with  illuminating  gas 
have  been  performed  with  projectiles 
of  15  centimetres,  or  say  5  9  inches 
calibre. 

Many  tests  have  been  performed,  of 
which  those  carried  out  on  the  two  days, 
September  26th  and  December  17th, 
1905,  will  be  more  particularly  des- 


cribed. On  the  first  of  those  days  a 
Schneider  plate,  180  millimetres  (71 
inches)  thick,  was  under  fire.  The 
plate,  which  was  of  nickel  steel  with  a 
small  percentage  of  chromium,  and 
hardened  by  the  Krupp  process,  was 
placed  at  a  range  of  hk)  metres  (320  7 
feet)  from  the  mouth  of  the  gun,  and 
was  fixed  at  right  angles  to  the  path 
of  the  projectile.  The  tests  on  both 
days  were  performed  by  a  quick-firing 
gun,  which  discharged  a  projectile  of 
50  kilogrammes  (11037  lbs.).  The 
result  of  the  first  day's  firing  is  sum- 
marised in  the  table  below. 

Of  the  three  projectiles  the  chromium- 
nickel  steel  projectile  was  the  only  one 
which  passed  through  the  plate  with- 


No.  of 
Discharge. 


Type  of 
I'rojectile. 


1. 
3 


Chromium  ( 

steel  I 

Chromium  l 
nickel 

steel  \ 

<   Chromium  J 

(        steel  \ 


T)iametcr  of  Perforation. 


'elocitv 

of 
mpact. 

Energy. 

F-ntry. 

Exit. 

H. 

V. 

H. 

V. 

1-eet. 

Foot-tons. 

Inches. 

Inches. 

Inches 

Inches. 

3923 

07 

03 

l(  S 

905 

22i)t 

4085 

5*9 

59 

9  05 

106 

2203 

3450 

7-8 

0-7 

14.96 
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FIO.    5.  —  SHOWING     RESULT'S    OS    A     CltROMIVM  STret 
AND  A  CHKOMIirM-MCKt  L  StErL  SHF.I.!.  A»  ll-K  flhRClNG 
SCHNCIUtK    l-LATE.        VKLOCITV     ^147     ANU     lUS  FT. 
KtSPKCTIVKLV. 


out  either  breaking?  of  undergoing 
deformation — even  the  copper  saltire 
was  retained.    No.  i  projectile  broke 


into  several  pieces,  of  which  twelve 
were  recovered,  the  largest  being  the 
point,  weighing  i8  kilogrammes.  Of 
projectile  No.  3  fourteen  pieces  were 
recovered,  the  largest  also  being  the 
point,  weighing  14  kilogrammes.  The 
three  projectiles  are  shown  in  Fig.  4. 
Each  projectile  pierced  a  clean  hole 
through  the  plate.  In  this  test  the 
superiority  of  the  chromium-nickel 
projectile  was  clearly  manifest,  as 
one  would  expect  from  the  marked 
superiority  of  its  tensile  properties. 

On  tlie  second  day,  December  27th, 
another  Schneider  plate  of  the  same 
thickness  was  fired  at,  the  only  differ- 
ence being  that,  instead  of  placing  it 
vertical  to  the  line  of  firing,  it  was  set 
at  an  angle  of  10°  20'.  Tlie  result  of 
tlie  test  is  summarised  in  the  table  on 
the  next  page- 
Both  the  first  and  second  projectile 
pierced  the  plate.  As  in  the  previous 
test,  the  chromium-steel  projectile 
broke  into  many  pieces,  of  which  ten 
were  recovered,  weighing  altogether 
33  kilogrammes.  The  chromium-nickel 
steel  projectile  was  recovered  intact, 
at  a  distance  of  8,200  to  9,iS3o  feet. 
The  point  sustained  a  light  conchoidal 
fracture,  as  shown  in  Fig.  5. 


FIG.    6. — RESULTS  OS   SHELLS  OF  CHROMIUM-NICKEL  STrrL  flRCO  AT  SAMK   TVrE  OF   tLAtt  BUT 

AT  LOWER   VELOCITY,   lift?  tT- 
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Diameter  of  Perforation. 

No.  of 
Discharge. 

Type  of 
Projectile. 

Velocity 

of 

Impact. 

Energy. 

Entry. 

Exit. 

H. 

V. 

H. 

V. 

Feet. 

Foot-tons. 

Inches. 

Inches 

Inches. 

fnch^i 

I. 

t 
I 

Chromium  \ 

2i88 

59 

6-3 

905 

9« 

2. 

( 
1 

CIiKutiium  \ 
nickel  \ 
■teel  J 

2147 

3587 

t>-3 

6-3 

II  8 

787 

In  view  of  the  excessive  enei^  of 

the  chrnmium-nickel  steel  projcctilt', 
which  has  travelled  a  great  distance 
after  piercing  the  plate,  tests  were  after- 
wards mado  with  a  lowtr  velocity  of 
impact.  The  velocity  was  reduced  to 
1,867  energy  being  2,705  foot- 

tons.  The  only  dmerence  noted  was 


that  at  these  low  velocities  the  chro- 
mium-nickel projectile  broke,  but  only 
into  lew  pieces,  and  some  of  them,  as 
shown  in  Fig.  6  (No.  8),  were  only 
broken  into  two  }>arts.  The  energy  of 
impact  of  that  projectile  was  2,911 
foot-tons.  All  four  projectiles  shown  in 
Fig.  6  were  of  chromium-nickel  steel. 


THE   FIRST   DIESEL  LOCOMOTIVE 


By  Percy  R.  Alita,  AMOc.M.Iiut.C£.,  M.LMecb^.,  Sec. 


THE  completion  of  tlic  first  main 
line  internal  combustion  Diesel 
Locomotive  may  be  regarded  as 
an  event  of  considerable  importance 
in  internal  combustion  engine  circles. 
The  engine  was  ordered  some  time  ago 
by  the  Central  Railway  Department  of 
the  Prusso- Hessian  State  Railway,  and 
was  supplied  by  tlie  Gcsellschaft  fur 
Thermo-Lokomotiven,  a  company 
established  by  Messrs.  Sulzer  Bros.,  of 
Winterthur,  but  having  their  chief 
offices  at  Ludwigshaven.  The  frame- 
work and  body  of  the  locomotive  were 
built  at  Messrs.  Borsig's  locomotive 
works  at  Berlin,  but  the  Diesel  engines 
and  gearing  connected  with  them  were 
built  at  the  Winterthur  works  of 
Messrs.  Sulzer.  The  design  of  the 
engine  was  worked  out  jointly  by 
Messrs.  Sulzer  Bros,  and  Oberbaurat 
A.  Klosc.  of  Berlin,  in'i  consultation  with 
Dr.  Diesel.  It  is  interesting  to  note 
how  the  designers  have  met  the  diffi- 
culties of  the  problem  set  before  them. 
Most  other  internal  combustion  loco- 
motives that  have  been  constructed 
have  either  transmitted  the  power  to 


the  wheels  through  gearing  or  have  used 
some  kind  of  automixe  system  in  which 
the  engine  is  used  to  drive  a  dynamo, 
which  m  its  turn  works  motors  on  the 
axles. 

In  the  present  instance  the  connect- 
ing rods  of  the  main  engine  act  directly 
on  two  cranks  on  an  intermediate 
crankshaft  which  work  tlie  driving 
wheels  by  outside  connecting  rods,  a 
similar  arrangement  being  now  gener- 
ally employed  on  many  large  electric 
locomotives.  This,  of  course,  necessi- 
tated the  engines  being  of  a  directly 
reversible  tyjK',  and  although  this  in- 
troduced apparent  complications  in  the 
valvegear,  the  designers  consider 
that  tliis  is  amply  compiensated  for  by 
the  simplicity  in  the  transmission. 

As  will  be  seen  from  the  longi- 
tudinal section  in  Fig.  5  the 
locomotive  is  really  equipped  with 
two  distinct  engines  the  main  en- 
gine dri\ing  the  crankshaft  being  a 
four  cylinder  Sulzer  Diesel  two  cycle 
motJ-r.  but  in  addition  to  this  there  is 
an  independent  Diesel  set  driving  a 
twin  multi-stage  air  compressor.  The 


FIC.   I.— SIIOWIKC  CCKCRAL  ArPCARA^ICC  OP  TKt  DIISIL  LOSOMOTIVB. 
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idea  of  having  this  auxiliary  supply  of 
cc)mprcss«>d  air  for  starting  and 
marueuvring  was  foreshadowed  in  some 
earlier  patents.  In  the  locomotive  as 
actually  constructed,  the  auxiliary  com- 
pressor is  a  distinct  entity,  and  is  of 
250  h.p.,  about  one  quarter  of  the 
power  of  the  main  engines.  This 
auxiliary  compressor  is  used  to  keep 
a  nest  of  air  bottles  charged  up  and  from 
these  the  air  in  led  to  tlie  main  engine. 


The  general  apfxarancc  of  the  ex- 
terior of  the  locomotive  is  shown  in 
Fig.  I.  The  driving  wlieels  arc  in  the 
centre  of  one  long  frame  carried  by 
swivelling  and  traversing  bogies  at  each 
end.  As  the  engine  was  designed  for  a 
comparatively  high  s})eed  the  frame  is 
of  a  heavy  plate  section,  and  while  in 
itself  very  stiff,  is  provided  with  a 
very  complete  system  of  springs  to 
absorb  vibration. 


FIC.   1. — l>htML«   or   rVt.L  V*LVE  ASD  TWO   AIR  •$CAVCS'CIN'C  X'ULVES, 

When  starting  it  is  usual  to  run  the  The  total  length  of  the  body  is 
locojuotive  entirely  by  compressed  air  about  54  feet  0  inches,  and  the  driving 
until  a  speed  of  about  six  miles  an  wheels  are  (j8J  in.  in  diameter,  spaced 
hour  has  been  reached.  The  com-  12  feet  aj)art.  The  centres  of  the  bogies 
p. essed  air  is  then  cut  off.  and  the  main  arc  34  ft.  6  in.  ajurt.  The  main 
engine  run  purely  as  a  two-cycle  Diesel  engine  works  at  304  r.p.m.,  which  gives 
engine,  the  sjK-ed  and  ]K)wrr  being  a  s]>eed  of  O2  miles  an  hour,  so  that  in 
regulated  by  the  fuel  admission  and  the  every  way  the  engine  may  be  con- 
injection  air.  sidered  as  a  competitor  to  an  ordinary 
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xtiain  line  steam  locomotive.  The 

•cylinders  arr-  set  diagonally  bolted  to  a 
strong  crank  casing  extending  between 
the  two  main  frames,  the  casing  being 
of  cast  steel  and  carrying  three  bearings 
for  the  crankjiliaft.  The  four  cylinders 
are  15  in.  diameter  Mrith  a  stroke  of 
217  in.  Each  pair  of  cylinders  work 
un  to  one  crank  pin,  and  tlie  two 
cranks  are  set  at  an  angle  of  180  de^. 
toeacli  other.  The  fuel  valve  is  placed 
in  the  middle  of  the  cylinder  head,  and 
the  two  valves  to  admit  the  scavenging 
air  are  symmetrically  ]^ced  on  each 
side  of  it.  This  can  be  seen  in  Fig.  3. 
Tiierc  is  also  another  valve  in  the 
cylinder  head  to  admic  the  compressed 
air  for  starting.  Tiie  pressure  of  the 
starting  air  is  given  by  the  makers  as 
being  7x2  lbs.  to  the  sq.  inch,  absolute, 
and  tlie  scavening  pressure  20  lbs. 
absolute,  while  tlie  pressure  of  the 
infection  air  varies  from  710  lbs.  to 
I. MOO  lbs.,  absolut<\  Aji])arcntl}'  no 
trouble  has  been  e.xpcrienced  from 
these  comparatively  high  pressures. 

.\s  the  eni^ine  is  constructed  to  work 
on  the  two-cycle  principle  tiiere  are  no 
exhaust  valves  in  the  cylinder  heads 
to  complicate  matters  when  reversing, 
and  the  exhaust  takes  place  in  the  usual 
two'cycle  manner  by  a  belt  of  ports  in 
the  lower  part  of  the  cylinder.  A 


p<Htion  of  the  exhaust  aperture  can  be 
seen  in  Fig  2,  which  shows  in  detail 
the  fuel  valve  and  the  two  air-scaveng- 
ing valves.  The  mechanism  for  actua- 
ting these  valves  is  shown  vej)arately 
in  Fig.  3.  The  valves  themselves  are 
directly  moved  by  rolling  cams  con- 
necti'd  by  eccentric  rods  "  b  b  "  tt) 
egcentrics  "  a,"  which  can  be  shifted 
on  the  cranlKhaft  relatively  to  the 
crank  by  means  of  the  lever  "  e " 
connected  by  long  rods  "  d "  to 
quadrants  and  handwhecls  at  the 
driving  end  of  tlu-  car.  The  amount 
of  opening  of  the  fuel  valve  can  bo 
varied  by  means  of  the  arrangement 
shown  in  Fig.  3.  Tlic  fuel  pumps  for 
su]ii)lying  the  oil  under  pressure  are 
worked  off  the  valvegear  and  the 
delivery  of  these  is  adjustable  by  hand, 
but  these  are  not  shown  on  the  dia- 
grams. 

Owing  to  the  fact  that  the  main 

engine  has  to  nm  pur(>ly  as  a  com- 
pressed air  engine  the  mechanism  for 
admitting  the  comjn'essed  air  is  of  a 
somewhat  more  elaborate  nature  than 
it  would  be  if  it  was  simply  necessary  to 
admit  compressed  air  to  turn  the  engine 
a  few  revolutions  either  way,  and  the 
makers  have  adopted  a  peculiar  and 
very  ingenious  arrangement  by  which  a 
constant  lead  can  be  secured  as  the 
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amount  of  air  atlmitted  is  varied.  It 
will  be  seen  in  Fig.  4  that  the  air 
before  passing  on  to  the  admission 

valvo  in  the  cylinder  passrs  thri)U!.'Ii  a 
valve  box  containing  a  valve  entering 
and  leaxnng  by  the  pipe  "  k."  This 
valve  is  pulled  <»ff  its  seat  by  the  action 
of  bcU  crank  levers  acted  on  by  cams 


by  hand  to  control  the  amount  of 

opening. 

Situated  between  the  four  cylinders 

of  tlie  main  fuirine  there  are  two 
double  actuig  piston  pumps  and  a 
multiple  stage  air  pump.  These  tre 
driven  from  the  connectintr  rods  by 
means   of  links  and   rockers.  The 


no.  4.— uiowiiio  eoMPiiKSSSP  air  admishoii  *ii>AiiGntiim. 


on  the  top  of  a  vertical  shaft  which  is 
caused  to  revol\  (>  by  nunns  <if  a  pair  of 
hevel  wheels  worked  by  means  oi  a 
crank  off  the  side  rod  "  m."  The  air 
'•alve  "  i  "  in  the  cyIind(T  is  rtintrollt  d 
by  the  bdl  crank  lever  "  o,"  which  is 
mounted  eccentrically  on  the  shaft,  and 
the  degree  of  eccentricity  can  be  varied 


compression  air  jmnip  acts  as  a  reserve 
for  the  auxiliary  compressor,  and  if 
lor  any  reason  that  machine  should 
fail  the  air  pump  on  the  main  engine 
can  supply  suORit  iit  injection  air  up 
tu  a  certain  extent. 

The  auxiliary  Diesel  engine  and 
compressor,  as  shown  on  the  left  hand 
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end  of  Fig.  5,  is  also  of  the  two  cycle 
Diesel  type,  with  the  cylinders.  12  in. 
in  diameter  by  15  in.  stroke,  and  when 
runiiiiii;  normally  develops  about  250 
H  P.  The  valves  arc  worked  by  a 
horizontal  camshaft  on  top  of  tlie 
cylinders  driven  from  a  vertical  shaft 
geared  to  the  crankshaft. 


A  Westinghoase  compressed  air  brake 

acts  on  the  drivinf?  wheels  on  one  side 
and  obtains  its  supply  of  compressed 
air  from  a  separate  reservoir  fed  by 
tile  intermediate  stage  of  the  auxiliiiry 
engine  compressor.  The  equipment 
of  the  cabs  at  each  end  of  the  engine 
are  identical  and  consist  of  reversing 


no.  5.— LONciTODiirAL  ■BcnoN  or  rat  mbisl  tocoHonva. 


Tlir  function  of  this  engine  is  to 
drive  two  multi-sta^^e  horizontal  air 
compressors  which  he  along  the  floor 
and  are  driven  off  tlie  cranks  connected 
to  the  working  pistons.  Each  com- 
pressor is  a  three  stage  one,  the  first 
stage  nearest  the  crank  case  supplying 
scavenging  air  and  the  right  hand  side 
of  tins  cylinder  feeds  air  into  the 
smaller  cylinder  for  the  final  com- 
pression. Inter-stage  cooling  arrange- 
ments are  provided  and  the  air  is 
finally  distributed  either  to  the  starting 
air  chamber  or  to  the  reservoir  of 
bottles.  The  air  for  starting  up  the 
auxiliary  engine  in  the  first  instance 
is  taken  from  tliis  reservoir.  The 
exhaust  discharge  both  from  the 
auxiliary  and  the  main  engine  passes 
into  tlie  atmosphere  through  an 
aperture  m  the  top  of  the  cab. 

Nearly  all  the  bearings  and  moving 
parts  about  both  engines  are  sup])lied 
with  forced  lubrication  by  suitable 
pressure  pumps.  The  oil  fuel  is  passed 
through  a  filtering  chamlxT  before  it 
reaches  the  fuel  pumps  proper.  Suit- 
able pumps  are  provided  for  circulating 
the  jacket  and  piston  cooling  water, 
and  there  are  other  liand-workt  d 
pumps  in  the  cab*  for  charging  the 
pump  systems  up  before  starting. 


gear  for  shifting  the  eccentrics,  the 
necessary  arrangement  for  controlling 
the  starting  and  fud  valves,  the 
regulation  of  tli<'  fuel  pumps,  the  air 
brake,  sanding  gear,  the  whistle,  and 
a  number  of  gauges  indicating  the 
pressure  at  various  parts  of  the  system. 

In  starting  the  engine  for  the  day's 
run  the  auxihary  engine  is  l&rst  put  in 
motion  fay  admitting  air  from  the 
reservoir,  and  as  srion  as  this  engine 
gets  into  regular  operation  it  is  changed 
over  to  oil  fuel,  and  begins  to  deUver 
air  back  into  the  system.  The  air  is 
then  gradually  tiuned  on  to  the  main 
engine,  which  continues  to  work  as  an 
air  ciiL^'iiu'  sujiply  iintil;a  speed  of  about 
six  nuies  an  iiour  has  been  reached, 
when  the  air  is  cut  off  and  it  vmrV» 
purely  as  a  Diesel  engine.  St(^pping 
is  effected  by  cutting  off  the  fuel  supply 
and  putting  the  brakes  into  operation. 
I'or  reversing,  the  angles  of  the 
eccentrics  are  shifted  in  the  manner 
already  described,  but  interlocking 
geiu"  is  applied,  so  that  the  fuel  supply 
has  to  be  turned  off  before  the  reversing 
can  be  effected.  The  valve  gear, 
although  apparently  complicated,  can 
he  readily  followed  by  anyborly  who 
Is  familial-  with  the  reversible  marine 
engine  already  built  by  Messrs.  Sulzer^ 
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no.   6  —  TIIK   DIfcSEL  tNCINI:   CUUfLKU   UP   lU  OHUINARV   ROLLING   »TOCK,   SHOU'tNO   RLLATtVE  SIZE. 


and  the  abolition  of  exhaust  valves, 
due  to  the  two  cj'cle  principle,  results 
in  a  much  simpler  ajrangement  than 
would  be  possible  with  a  four  stroke 
engine. 

A  number  of  trials  were  carried  out 
during  the  autumn  of  last  \Tar  on  the 
\Vinterthur-Rt)manshorn  portion  of  the 
line  leading;  from  Basel  to  Lake  Con- 
stance, at  the  Winterthur  end  of  which 
the  gradients  are  quite  appreciable. 
The  engine  was  handed  over  to  the 
Gorman  authorities  at  the  end  of  last 
March  and  proceeded  to  Berlin  via 
Strasburg,  Ludwigshafen,  a.  Khein, 
Worms,  Hanau,  Elm,  liichenberg,  and 
Nordhausen.  During  part  of  the 
journey  the  oil  engine  hauled  an 
express  goods  train,  including  its  own 
steam  locomotive,  and  the  speed 
varied  from  12A  miles  an  hour  to  O2J. 
The  writer  had  an  opportunity  of 
seeing  this  locomotive  when  on  some 
of  its  trial  trips,  and  was  rather  struck 
with  the  genera]  design  and  commodi- 
/>us  arrangements  inside.  Fig.  6  shows 
the  relative  ai)]H'arance  of  the  engine 
and  its  size  relative  to  the  other  rolling 

StfKk. 

So  far  no  data  appear  to  have  been 
made  public  concerning  the  oil  con- 
sumption of  the  engine  per  ton  or 
train  mile,  or  the  repairs  or  renewals 
or  other  operating  expenses,  but  it  is 


generally  understood  that  the  engine 
is  now  being  put  tl«rough  a  series  of 
most  rigorous  tests  by  the  railway 
authorities.  Until  this  information  is 
forthcoming  it  is  im]H)Ssible  to  offt  r 
any  opinion  as  to  the  commercial 
future  of  the  proposition.  A  new 
departure  of  this  kind  is  bound  to  call 
forth  a  great  deal  of  criticism  and 
exception  has  been  taken  in  some 
quarters  to  the  necessity  for  having 
such  a  large  auxiliary  engine  as  the 
complement  to  the  main  driving  engine, 
but  if  it  be  admitted  that  the  Diesel 
engine  as  at  present  constructed  re- 
quires a  considerable  amount  of  com- 
pressed air  for  reversing  and  manieuv- 
ring,  such  air  supply  must  be  pro- 
vided for  somehow,  and  it  would  seem 
in  every  way  better  to  use  a  separ- 
ate engine  than  to  work  a  series  of 
pumps  deriving  their  p)wer  from  the 
axles. 

In  any  case  this  experimental  engine 
may  be  regarded  as  an  exceedingly 
interesting  piece  of  mechanical  engineer- 
ing, and  it  is  very  fortunate  that 
the  constructors  have  been  able  to 
combine  the  exixTt  knowledge  of 
Messrs.  Sulzers  in  Diesel  engines  with 
the  latest  practice  of  Messrs.  Borsig 
as  locomotive  engineers,  and  to  have 
had  the  assistance  of  Herr  Klose  and 
Dr.  Diesel. 


THfi  HOURS  OF  LABOUR  PROBLEM 

By  T.  Good 


AFTER  more  than  twenty  years 
of  steady  agitation  aniung  our 
trade  unionists,  the  eight  hours' 
question  is  alxnit  to  be  raised  as  a 
practical  issue,  and  the  sooner  both 
workmen  and  employers  begin  to 
consider  its  merits  and  demerits  the 
better.  In  the  engineering  trades 
there  is  a  more  particular  move  for 
a  reduced  working;  week,  and  this  is 
the  subject  oi  negotiations  between 
employers  and  worlonen  at  the  i»esent 
time.  Concurrently,  the  shipbuilding 
employers  are  complaining  strongh 
about  men  refusing  to  work  overtime, 
and  even  losing  an  abnormal  amount 
of  their  ordinary  working  time,  in- 
volving delays  in  fultiUing  contracts, 
and  the  payment  by  the  shipbuilders 
of  penalties  in  respect  of  the  delays. 
The  whole  problem  of  working  liours 
and  shifts  may  be  said  to  be  ripe 
for  solution.  E.\(e{)t  in  the  min- 
ing industry,  there  has  been  little 
or  no  revision  of  working  hours  or 
shifts  for  thirty  or  forty  years.  Mean- 
time, industrial  and  social  conditions 
have  materially  changed,  and  the 
question  now  is  :  how  can  the  workmen 
be  given  more  leisure  without  detnment 
to  industry  ?  If  the  matter  is  not 
thought  out  cahiil\'  we  may  ilrift  to 
a  crisis  on  the  eight  liours  question, 
with  a  hasty  settlement  good  for 
neither  labour  nor  capital. 

What  many  of  the  active  spirits  in 
the  labour  movement  desire,  and  are 
working  for,  is  to  get  some  big  group 
of  organised  workmen — preferabljr  the 
railwaymen — to  undertake  a  national 
strike,  dislocate  the  country's  com- 
merce, and  then  persuade  Parliament, 
in  the  moment  of  crisis,  to  legaUse  the 
eight  hours  principle,  setting  up  joint 
boards  to  carry  it  out  in  the  various 


trades.  It  was  by  such  procedure 
that  the  Miners'  Minimum  Wage  Act 
was  carried. 

Apparently  the  railwaymen  and 
some  of  the  shipyard  workers  are  in  a 
mood  just  now  to  move  strongly,  even 
to  the  point  of  striking,  for  reduced 
working  hours,  and  if  a  blow  is  struck 
by  one  or  two  groups  the  movement 
mav  spread  like  wildfire  I"\ t  r\-  trade 
may  be  upset,  and  after  the  hght  both 
men  and  employers  may  find  them- 
selves in  the  hands  of  a  network  of 
<  umbcrsome  committees,  or  boards  of 
Ijureaucrats,  administering  a  ridiculous 
new  law. 

The  demand  for  reduced  working 
hours  is  not  one  to  be  met,  or  dis- 
misst^d,  lightly.  There  is  far  more  in 
this  demand  than  ap])ears  on  the 
surface.  Since  the  last  general  reduc- 
tion of  hours  in  the  manufacturing 
and  engineering  trades  indiistrial  condi- 
tions have  been  well  nigh  traiislormed. 
In  many  cases  labour  is  more  casual 
than  it  used  to  be.  Men  more  fre- 
quently change  their  employment,  and 
more  often  they  are  obliged  to  live  at 
long  distances  from  their  work.  In 
both  ship  and  house  building  it  is 
hardly  possible  for  a  man  to  change 
his  residence  as  often  as  he  changes 
his  employer,  and  the  time  occupied 
in  travelling  to  and  from  work  is 
often  very  great. 

More  important,  however,  is  the 
question  of  "  speeding-up."  The  old 
slack  methods  of  workshop  manage 
ment,  under  which  men  could  invari 
ably  take  things  easy  before  break- 
fast, and  enjoyed  fre<]uent  rest  times 
between  jobs  without  loss  of  pay,  have 
been  superseded  by  American  methods 
of  hustle.  Some  fifteen  years  ago. 
it  may  be  recalled,  when  Continental 
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and  American  competition  was  i^etting 
keen,  w  hen  home  taxation  was  in- 
creasing' and  prices  were  so  low  that 
profits  shrunk  in  many  cases  to  vanish- 
mg  point,  our  manufacturers  had  to 
speed-up  their  men  and  machines,  or 
face  niin.  Some  were  ruined.  Most  of 
them  adopted  new  methods,  and  as 
time  has  gone  on  speeding-up  has 
become  almost  a  fine  art.  In  many 
cases  there  is  more  fatigue  now  in  a 
standard  day's  work  than  there  used 
to  be  in  a  day  plus  half  a  day's  over- 
time. 

It  is  this  change  of  methods  that  is 

largely  responsible  for  the  rehictancc 
to  work  overtime  nowadays,  the 
abnormal  amount  of  absenteeism,  and 
the  current  allegations  about  malinger- 
iug.  It  is  true  that  some  men  do 
malinger,  robbing  their  societies  and 
disgracing  their  class.  It  is  true  that 
the  craze  for  amusement  is  responsible 
for  some  men  declining  overtime.  It 
is  true  that  some  men  will  not  wcvk 
six  days  a  week  if  their  pay  rates  are 
high  enough  to  enable  them  to  satisfy 
their  immediate  wants  by  working 
only  four  or  five  days.  But  the  troubles 
complained  of  in  these  respects  are 
more  largely  due  to  industrial  speeding- 
up  tlian  to  any  newly  ac(]nired  laziness. 
I  believe  it  is  a  libel  on  the  average 
British  workman  to  say  he  has  de- 
generated. The  pace  is  now  hotter. 
A  man  must  not  now  go  to  work  unless 
he  is  fit.  In  the  old  days  he  could 
go  if  he  did  not  feel  v(  r\-  well.  He 
knew  he  could  take  things  easy.  Men 
have  now  to  remain  at  home  if  they 
are  not  quite  up  to  the  mark.  They 
have  to  lie  off  for  more  trifling  in- 
juries, and  at  earlier  stages  of  sickness, 
and  they  have  to  get  more  thonnighly 
fit  and  well  before  they  return  to  the 
workshops. 

In  our  iron  trades,  for  instance, 
furnaces  are  bigger  and  hotter.  Machines 
run   faster,  tools  are  heavier.  Ap- 

J>liances  need  more  strength  and  nerve 
or  their  manipulation.  Shops  are 
more  crowded,  more  noisy,  and  more 
dusty.  The  managers  are  in  the 
shops  at  6  a.m.  instead  of  (),  as  in  the 
old  days.  Supervision  is  more  strict. 
Toil  is  intensified^  and  hazards  are 
multiplied.   Compare,    for  example. 


the  work  and  nerve  strain  of  a  riveter 
to-day,  workmg  liigh  up  on  the  shell 
of  a  Titame,  with  that  of  only  half 
a  generation  ago,  wlun  lK)ats  were 
less  than  half  the  size,  and  one  has  not 
to  go  much  further  for  an  explanation 
of  the  increased  .'ilis(>nteeism  and 
reluctance  to  work  overtime. 

It  is  only  natural,  then,  that  organised 
labour  --liould  at  la^t  bo  making  a 
move  (or  reduced  working  hours.  This 
move  enlightened  employers  will  meet 
with  open  minds,  if  not  in  generous 
spirits.  It  is  for  the  men  and  their 
leaders  to  make  practical  sug^tions. 
It  is  just  here,  however,  that  labour 
is  likely  to  sttunble. 

Some  of  the  shipbuilding  and  en- 
gineering trade  unions  recently  ap- 
proached the  Employers'  Federation 
on  the  subject  of  a  reduced  working 
week,  and  the  matter  was  discussed 
at  the  employers'  central  conference 
in  Sheffield.  Several  questions,  par- 
ticularly those  relating  to  some  pos- 
sible system  of  daily  work  with  only 
one  break  for  meals  instead  of  two, 
were  debated,  but  it  was  not  possible 
to  come  to  anv  drtinif(>  decision  in  the 
knowledge  that  the  1  lade  Union  Con- 
gress was  formulating  a  demand  for  a 
general  eight  hour  day,  and  the  Labour 
Party  preparing  an  Eight  Hours  Bill. 
A  joint  conference,  however,  is  to  be 
held,  and  both  the  general  (juestion 
of  reduced  hours  and  the  special  one 
of  eight  hours  will  be  gone  into.  Mean- 
time, the  .\malt;amated  Society  of 
Engineers,  which  has  been  the  leading 
union  in  the  movement,  and  unsuc- 
cessfullv  fought  a  big  battle  for  the 
eight  hours  day  in  likj?-^,  has  invited 
its  branches  and  members  to  prepare 
information  and  suggestions  lor  the 
next  joint  conference. 

If  a  bargain  can  be  struck  between 
the  Employers'  Federation  and  the 
engineering  trade  unions,  well  and 
good  ;  but  one  difficulty  in  the  way 
is  that  the  labour  leaders  are  obsessed 
with  the  idea  of  uniformity.  They 
ask  for  an  all-round  eight-hour  day. 
Why  ?  W  here  is  the  reason  for  such 
a  demand  ?  The  very  principle  of 
the  thing  is  open  to  a  variety  of  serious 
objections,  while  when  we  get  down 
to  working  details  a  multitude  of 
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■difficulties  present  themselves.  If  the 
labour  leaders  are  not  careful  there  is 
going  to  be  a  big  and  disastrous  fight 
■on  a  mistaken  issue,  and  thi'  clock  of 
industrial  prugrt  ss  wil!  be  put  back. 

If  by  mutual  cii;rt  fment  the  working 
day  could  be  reduced,  bringing  in  the 
ont-bn  ak  system,  or  if  the  working 
week  were  reduced  by  knocking  off 
the  Saturday  morning  shift,  on  the 
basis  of  slightly  extending  the  other 
Ave  shifts,  labour  might  substantially 
increase  its  leisure  writhottt  financial 
loss  to  industry. 

If,  for  example,  the  half  dozen 
hours  usually  worked  on  Saturday 
were  abolished,  the  men  agreeing  to 
make  up  two  and  a-half  hours  of  the 
loss  by  working  an  extra  half-hour 
each  evening  from  Monday  to  Friday, 
the  employers  would  save,  in  the  first 
place.  Saturday's  steam  raising.  That 
would  partly  make  up  for  the  loss 
•of  the  three  or  four  hours*  work  in 
the  total  week.  Again,  if  the  five 
days  were  worked  on  the  one-break 
system,  with  the  staring  time  made 
later  than  at  present,  there  would  be 
a  saving  of  lights  on  dark  mornings. 
And,  agaui,  if  the  meal  break  were 
■only  half-an-hour,  instead  of  the 
exi-^tini:  breaks  of  one  hour  and  one 
hall-hour,  the  total  time  for  steam 
to  be  kept  up  on  each  of  the  five 
days,  though  an  extra  half-hour  were 
worked,  would  only  be  ten  and  a  half 
hours  instead  of  the  existing  eleven 
and  a-half.  plus  Saturda\  nioming's 
six  or  seven  hours.  In  other  words, 
the  working  hours  would  be  50  per 
week,  instead  of  53  or  54,  and  the 
time  of  steam  up  would  be  only  52^ 
hours  instead  of  the  present  63  hours, 
or  thereabouts.  Moreover,  under  a 
mutual  agreement,  and  in  the  pos- 
session of  a  clear  week-end  from 
Fri<lay  night  at  about  0,  until  Monday 
morning  at  about  7.30,  the  men  would 
■work  better. 

It  would  work  out  this  way  :  The 
tandard  working  week  would  Ix.*  50 
hours.  That  would  be  a  compromise 
on  the  eight  hours  question.  The  50 
hours  would  l>e  worked  in  five  davs 
of  ten  hours  each.  Saturday  would 
be  a  clear  day  off,  instead  of  half  a  day. 
That  surely  would  be  a  solid  boon. 


Ihere  would  be  only  one  break  for 
meals — half-an-hour  for  mid-day  lunch, 
the  mm  bieakfasting  at  home  before 
turning  out,  and  then  dining  in  the 
evenini;  in  comfort  with  their  Lunilics. 
Th(  si  ii  ting  time  might  be  7.30  a.m., 
and  the  knocking  off  time  (y  p.m..  the 
total  workshop  day,  includmg  lunch, 
being  only  zo^  hours  instead  of  the 
present  II  hours  from  6  to  5,  with 
two  breaks. 

While  labour  gained  these  points — 
an  e.xtra  half  hour  at  home,  and  an 
extra  meal  at  home,  on  each  day  from 
Monday  to  Friday,  and  the  whole 
of  Saturday  instead  of  half  of  It  for 
holiday — capital  would  only  lose  three 
or  four  hours'  service  per  week,  and 
that  loss  would  be  very  nearly,  if  not 
fully,  balanced  by  the  saving  of  the 
whole  of  Saturday  morning's  steam, 
wear,  and  lights,  the  saving  of  half-an- 
hour  s  steam  on  each  of  the  other 
days,  the  saving  of  half-an-hour's 
lights  on  winter  days,  and  the  better 
timekeeping  of  the  men  through  not 
being  required  to  start  till  7.30  instead 
of  six. 

Of  course,  there  may  be  cases  where 
this  proposal  could  not  be  adopted,  but 
there  are  certainly  many  cases  where 
it  could,  and  the  suggestion  is  respect- 
fully made  by  an  old  workman  for 
what  it  is  worth. 

If  any  valid  objection  is  to  be  made 
to  this  system  of  working,  on  the 
men's  side  it  will  be  in  respect  of  the 
long  intervals  between  meals  Mt-n 
would  have  to  breakfast  about  seven 
o'clock  in  the  morning,  when  their 
appetites  were  not  very  good,  wait  till 
about  12  or  12.30  for  lunch,  and  then 
not  dine  till  about  6.30  at  night.  In 
reply  to  this  possible  objection  it  may 
be  observed  that  the  eight  hours 
S3rstem  might  very  likely  mean  still 
longer  intervals  between  meals,  besides 
the  introduction  of  the  three  shift 
system  and  the  continuance  of  the 
six  days  a  week  system. 

Perhaps  the  hve  ten-hour  days' 
system  here  suggested  could  be  worked 
with  two  breaks  of  15  minutes  for 
snacks,  or,  by  starting  at  7  instead  of 
7.30,  tliere  might  be  two  half-hour 
breaks  for  meals— one  at  nine  o'clock 
and  the  other  at  1.30. 
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Certainly  a  refomi  on  some  such 
lines,  effected  by  mutual  co-operation 

hetwocn  emplovt-rs  and  workmen  ti)  fit 
till'  various  tradrs,  would  be  prefi-rahK- 
to  any  hard  and  (ast  scheme  like  an 
eight-hour  daw  and  c^jit'c  ially  a  h'f,'al 
eiglit-hour  day.  Ihe  demand  for  a 
general  ei^ht  houTS  system  is  too  rough 
and  r(.a(1\ .  It  seeks  to  set  both 
Nature  and  economics  at  dehancc. 
Many  trades  are  affected  by  the 
weather  an<1  the  asons,  and  an  attempt 
to  work  uniform  hours  all  the  year 
round  would  be  ridiculous.  Again, 
there  is  far  more  fatigue  in  >ome  in- 
dustries than  in  others.  If  the  porter 
at  the  little  wayside  station  is  to  have 
an  eight-hour  day,  we  may  soon  have 
the  blastfurnace-man  demanding  a 
four-hour  day. 

We  lia\c  the  curious  spectacle  just 
now  of  the  labour  leaders  balloting 
the  unions  on  the  question  of  striking 
for  a  uniform  eight-hour  day  for  all 
trades,  while  tens  of  thousands  oi 
miners  in  the  north  of  I'-ugland  are 
ready,  and  even  anxious,  to  strike  in 
order  to  ])e  rid  of  the  obno.xious  three- 
shift  system  of  working  which  has  been 
introduced  under  the  Mines  Eight 
Hours  Act. 

There  is  deep  discontent  in  the 
northern  coalfields  over  this  very 
question,  It  is  with  great  difficulty 
tliat  the  leaders  are  keeping  the  men 
at  work  pending  negotiations  with  the 
employers  for  some  modification  of  the 
new  system.  The  men  did,  in  fact, 
Strike  for  sixteen  weeks  against  the 
s^'stem  at  the  very  beginning,  in  1910. 
They  were  eventually  persuaded  to 
give  it  a  trial.  But  experience  has  in  no 
way  lessened  their  resentment. 

Under  this  three-shift  system  for 
the  men — that  is,  three  eight-hour 
shifts  in  each  t\veiit\-four  hours — 
with  a  double  shift  for  the  boys,  the 


men  ami  boys  are  gt>ilig  i>ut  and  rom- 
ing  in  at  almost  all  hoiu-  ot  the  day 
and  night.  In  households  where  tluie 
are  two  or  three  sons  as  well  a»  lather 
employed  at  the  pits,  and  on  the 
ditlerent  and  char>ging  shifts,  the 
women  have  hardly  ever  done  prei>ar- 
ing  meals  and  changes  of  clothing. 
Evening  leisure  is  lost.  Domestic  and 
social  customs  are  upset.  in  some 
houses  ten  separate  meals  have  to  be 
prepared  each  day.  The  e>ld  sliort 
shifts  at  the  week-ends  have  been 
abolished  because  the  men's  hours  are 
limited  on  the  midweek  days.  The 
boys  cannot  attend  evening  .classes 
regularly  like  they  did  undet  the  old 
system,  because  they  are  now  often 
working  until  nine  or  ten  at  nights 
The  men  have  still  less  time  for  gar- 
dening, sport  and  home  life,  because 
they  have  in  many  cases  to  work  an 
extra  day  per  week,  and  a.s  tliat  means 
Saturday  it  is  \  ery  distasteful.  Trade 
miion.  political  and  ((^-operative  meet- 
ings have  to  hi'  held  on  bunday>,  be- 
cause full  attendances  cannot  be  got 
at  other  times  with  some  of  the  men 
at  work  through  the  nights.  Even  the 
public  health  authorities  have  noted 
an  increase  in  the  infantile  death  rate 
through  the  women  having  less  time 
to  attend  their  children. 

In  many  trades  an  eight-hour  work- 
ing day  would  involve  the  introduction 
of  the  three-shift  system,  with  its  irre- 
gular and  unnatural  hours  of  sleep, 
work  and  meals,  its  serious  interference 
with  home  and  social  life,  and  its  cur- 
tailment of  week-end  leisure. 

For  reduced  working  hours  in  many 
industries  there  is  now  a  good — an 
unanswerable — case  which  enlightened 
employers  will  not  offer  to  challenge ; 
but  the  demand  for  a  general,  uniform 
eight-hour  day  is  closely  akin  to  mad* 
ness. 
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Forthcoming  Shipping  Exhibition. 

AN  exhibition  of  shipping,  engin- 
eering and  machinery  is  to  be 
held  at  Olympia,  London,  from 
September  25th-()ctober  17th,  1914. 
An  influential  committee  has  been 
formed  umler  the  honorary  presi<h'ncv 
of  Sir  Owen  Phillips,  K.C.M.G..  while 
the  vice-presidents  are  the  Marquis 
ol  Graham  (director,  \V.  Beardmore 
&  Co.,  Ltd.),  Sir  Alexander  B.  \V. 
Kennedy  (past  pres.  Inst.  C.E.,  past 
pres.  Inst.  M.E.),  E.  H.  Tennyson 
D'Eyncourt.  Esq.  (director  of  Naval 
Construction  to  the  Admiralty  J.  and 
Col.  R.  Saxton  White  (joint  general 
manager,  Sir  W.  G,  Armstrong.  Whit- 
worth  &  Co.,  Ltd.). 

It  is  proposed  in  connection  with 
this  exhibition  to  devote  the  main 
borly  of  the  hall  to  naval  and  shipping 
exhibits,  and  also  important  exliibits 
of  marine  and  f^eneral  engineering 
appliances,  working  or  otherwise. 

The  only  two  exhibitions  of  import- 
ance of  this  character  which  have 
been  held  in  this  country  for  the  last 
thirty  years  are  the  Naval  Architecture 
and  Marine  Eni^ineering  and  Fisheries 
Exhibition  at  Tynemouth,  September, 
1881.  and  the  Naval  and  Mercantile 
Marine  Exhibition  at  Olympia,  in 
1910,  and  it  is  therefore  considered 
that  the  time  is  ripe  to  hold  a  really 


representative  and  comprehensive  ex- 
hibition of  specialities  connected  with 
these  great  industries,  particularly  in 
view  of  the  remarkable  advances 
during  recent  years  in  all  directions. 

Among  other  interesting  exhibits  will 
be  a  wireless  telegraphy  apparatus 
working  from  end  to  end  of  the  hall.  (  \ 

The  London  oftices  are  situated  at 
104.  High  Holborn,  W.C..  where  full 
particulars  can  be  obtained. 


The  Proposed  Post  OtTice  Tube  Rail- 
way. 

A GOOD  deal  of  interest  is  at 
present  being  evinced  in  public 
and  political  circles  in  the 
proposed  scheme  of  tube  railways  for 
the  London  Post  Office  services.  The 
proposal  is  to  run  an  underground 
tube,  nine  feet  in  diameter,  and  con- 
taining two  tracks,  from  the  East  to 
West  of  London,  for  the  carriage  of 
mails  and  parcels.  The  route  followed 
is  at  present  suggested  as] follows: — 
Paddin^ton  District  Office  (connected 
with  Paddington  Railway  Station), 
Western  Parcel  Office  in  Bird  Street, 
West  Central  District  Office  in  New 
Oxford  Street,  Mount  Pleasant  Sorting 
Office,  G.P.O..  St.  Martin's-le-Grand 
Office,  Liverpool  Street  Station,  and 
Eastern    District    Office    in  White- 
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chapel  Road.  The  length  of  this  line 
would  be  6J  miles,  and  the  approximate 
■outlay  is  rstimatcd  at  /i.ooo.OOO. 
Arrangcnunts  would  be  made  for 
■connecting  up  Euston,  King's  Cross. 
Cannon  Stictt,  London  Bridge  and 
Waterloo  Stations,  also  the  Northern 
■and  Southern  District  Post  Offices,  if 
this  should  be  found  desirabU-,  at  a 
later  date.  The  trains  in  wliich  the 
letters  and  parcels  would  be  conveyed 
would  be  electrically  operated  and 
•controlled  from  the  stations,  no  drivers 
being  employed  on  the  trains.  The 
prevention  of  accidents  would  be 
•ensured  by  the  use  of  electro-autoiiKitic 
-safety  controlling  devices,  the  speed 
at  which  the  trains  would  be  run 
being  about  25  miles  per  hour.  The 
stations  would  be  fully  equipped  with 
lifts,  automatic  conveyor  systems.  &c., 
for  t!if  rapid  handling  of  the  letter-, 
and  goods.  The  benehts  to  be  derived 
from  the  sjrstem  appear  to  be  of  a 
high  order  of  merit  from  many  \  irw- 
points,  and  it  is  to  be  hoped  that  the 
powera  that  be  wiU  see  mar  way  to 
"enable  it  to  be  carried  through. 


The  Channel  Tunnel. 

THIS  question  has  made  its  periodic 
reappearance,  and  its  advocates 

consider  the  prospects  appear 
brighter  than  at  any  time  previously. 
Mr.  Asquith  recently  received  a  depu- 
tation and  while,  perhaps  naturally, 
maintaining  a  non-committal  attitude, 
he  did  not  evince  any  pre-determined 
opposition. 

Besides  an  influential  backing  over 
here,  the  scheme  is  warmly  supportctl  in 
France,  and  M.  Sartiaiix,  the  chief 
engineer  to  the  Xtnthern  of  France,  in 
an  interview  with  a  representative  of 
the  Echo  de  Paris,  went  so  far  as  to 
express  the  opinion  that  in  five  years  it 
would  be  an  accomplished  fact.  Not 
only  does  he  anticipate  a  large  increase 
in  passenger  traflfic,  but  considers  com- 
mercial intercourse  would  beneht  enor- 
mously. The  cost  of  the  tunnel  which 
would  have  to  be  constructed  about 
350  ft.  below  the  surface,  would  prob- 
ably be  somewhere  near  ^16.000,000, 
and  it  is  anticipated  that  a  large  por- 
tion of  this  would  be  subscribed  in 


France.  The  Temps  suggests  that 
the  tunnel  should  be  divided  into  two 

sections,  one  being  reserved  for  auto- 
mobile tralhc.  This  suggestion  will 
probably  add  the  support  of  motorists 
to  the  scheme. 

Now  that  the  conc^uest  of  the  air  has 
been  practically  achieved  ami  the  loss 
of  our  insularit\  an  u  ■  omplishedfact, 
any  sentimental  objeetions  on  this  score 
have  disappeareil,  while  tJie  tunnel 
would  unrloubtedly  oifer  a  means  ol 
ingress  for  ffx>d  supplies  and  possibly 
also,  for  military  aid  from  France,  in 
the  unfortunate  event  of  our  hasnng 
temporaiily  lost  tlie  cotnmand  of  the 
sea.  That  is,  of  course,  assuming  that 
our  relations  with  France  are  on  the 
same  friendly  footing  a^  at  present,  but 
even  if  the  reverse  were  the  case,  in 
view  of  the  ease  with  which  the  tunnel 
«()u!d  )«■  flooded  from  either  end, 
neitlier  country  need  have  any  appre- 
hensions on  the  score  of  possible  inva- 
sion. It  is  indeed  curious  that  such 
an  objection  should  have  ever  borne 
any  weight.  The  question  really  seems 
to  resolve  itself  into  tliis  :  \VilI  the 
enormous  outlay  of  capital  involved  be 
justified  by  actual  results  ? 


THAT  s;if i-fartorv  proLjicss  in  ren- 
dering aeroplanes  more  reliable 
and  safe  is  being  made  is  evi- 
dent id  \)y  the  recent  invention  by 
Lt.  Dunne,  of  an  automatic  self-righting 
device.  The  tests  of  this  contrivance, 
carried  out  by  the  French  Government, 
have  apparentlv  given  very  good  re- 
sults, and  if  all  that  is  promised  be 
achieve<l,  a  very  important  advance 
will  have  Ix-en  made.  (  apt.  Perron 
has  also  been  investigating  another 
device  for  the  same  purpose,  11 -ting 
of  two  propellers  paruy  enclosed  in 
cylinders. 

The  adaption  of  the  parachute  for  the 
safety  of  pilots.  M.  Bonnet,  alst) 
marks  an  atlvance  in  life-saving  appli- 
ances. This  was  tested  by  M.  P6goud, 
who  made  a  successful  descent. 
Although  he  only  dropped  from  a 
height  of  200  yards,  he  stated  that  he 
<'ouId  have  come  down  with  equal  ease 
and  comfort  from  i.uuu  or  1,200  yards. 
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The  parachute  is  composed  in  part  of  an 
air  chamljcr  inflated  in  a  box  under  tlie 
seat  of  the  pilot,  and  the  aviator  has 
only  to  push  a  lever  to  catise  th**  para- 
chute to  spread  out  in  five  seconds. 
In  another  five  seconds  the  aviator  is 
carried  antomatirallv  from  his  seat. 
The  whole  operation  takes  some  ten 
seconds. 

Doubtless  the  apparatus  is  rapable  of 
further  improvement,  and  its  operation 

of  speeding  up  for  a  few  seconds  are  of 
vital  importance,  but  tlie  idea  cer- 
tainly promises  to  be  of  great  use  in 

cases  of  sudden  emergency. 

The  Pananui  Exhibition. 

ALTHOUGH  the  British  Govern- 
ment has  decidrd  against  par- 
ticipating othcially  in  the  exhibi- 
tion at  San  Francisco,  there  is  every 
probability  that  British  shipping  com- 
panies will  be  represented  —and.  we  hope 
adequately.  This  is  important,  since 
there  is  no  doubt  that  the  opening  of 
the  Canal  will  produce  important 
ilevelopments  in  shipping  circles.  There 
is,  too,  a  growing  feeling  that  British 
business  firms  cannot  afford  to  dis- 
regard the  opportunities  that  the 
Exhibition  will  afford.  The  expansion 
of  our  South  .American  trarle  will 
depend  very  largely  upon  the  mainten- 
ance of  our  supremacy  in  shipping  ; 
it  is  therefore  hii:hl\-  desirable  that 
manufacturers  and  shipowners  should 
co-operate  to  secure  adequate  repre- 
sentation for  our  interests. 

In  the  same  connection  it  is  interest- 
ing to  note  that  although  the  German 
Government  has  likewise  detirmined 
not  to  participate,  Hctr  Hallin,  the 
■chief  of  the  Hamburt,'  .American  Line,  is 
energetically  initiating  a  movement 
which  is  meeting  with  influential  sup- 
|>ort,  to  ensure  a  proper  representation 
of  German  interests,  and  to  this  end  is 
offering  sp<^rial  terms  for  the  transport  of 
exhibits.  Thus  it  is  ail  the  more  neces- 
sary for  Great  Britain  not  to  lag 
behind. 

British  manufacturers,  however,  are 
fully  justified  in  asking  for  exemption 
fr  m  tariff  duties  on  their  exhibits  and 
we  certainly  think  that  the  American 
authorities  should  meet  them  in  the 
matter. 


Lone  DistAAG*  Electric  Bailway** 

ELFXTRICITY  has.  of  course, 
already  estabiislied  its  supre- 
macy over  steam  traction,  for 
comparativeh'  short  sections  of  rail- 
way on  which  a  very  frequent  service  is 
maintained.  Mr.  H.  M.  Hobart,  how- 
ever, in  a  paper  recently  read  before 
the  American  Institute  of  Electrical 
Engineers,  pursues  the  subject  further 
and  contends  that  even  for  long  dis- 
tances with  a  sparse  traffic,  electric 
traction  will  be  found  more  economical. 
He  takes,  for  the  purpose  of  com- 
parison, a  t\pi(  al  e.xpress  pa>^senger 
service,  for  whicli  it  has  generally  been 
considered  the  steam  locomotiw  is  far 
away  the  most  suitable,  assuming  that 
such  a  service  includes  non-stop  runs 
of  loo  miles  in  two  hours.  During  such 
a  run  maximum  <pe<  (ls  of  over  60  miles 
an  hour  will  be  attained  and  the  aver- 
age tractive  effort  for  a  train  of  10  Poll- 
man  coaches,  weighing  750  tons,  he 
takes  at  9  lb.  per  ton.  The  total  trac- 
tive resistance,  including  i  .670  lbs.  for 
the  locomotive,  would  thus  be  S.420  lbs., 
and  on  the  basis  of  an  efficiency  of  85 
per  cent,  from  cylinders  to  crank  pins 
on  a  steam  locomotive,  the  power  re- 
quired will  be  1,320  I.H.P.  On  the 
basis  of  a  consumption  of  3.5  lbs.  of  coal 
P'  I  LH.P.,  9,240  lbs.  of  coal  will  be 
burnt. 

But  with  an  electric  locomotive 
hauling  the  same  train,  the  author 
estimates  that  the  overall  efficiency  is 
from  ()  to  6.5  per  cent.,  and  that  the 
quantity  of  coal  consumed  at  the 
generating  station  would  amount  to 
only  5.750  'bs.  for  the  two-hour  journey, 
being  only  47  per  cent,  of  the  quantity 
required  for  the  steam  locomotive.  In 
other  words,  the  amount  of  coal  is 
122  lbs.  and  5S  lbs.  per  train  mile  for  the 
steam  and  electric  locomotives  respec- 

tivelv. 

The  case  of  a  non-stop  express,  the 
author  points  out,  has  been  purposely 
taken,  as  it  is  on  such  runs  that  steam 
is  supposed  to  show  to  the  best  advan- 
tage, but  he  states  that  had  occasional 
stops  Ix-en  assumed,  elertric  traction 
would  have  shown  up  even  more  favour- 
ably as  regards  low  fuel  consumption. 

with  regard  to  the  source  of  power, 
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he  is  of  opinion  that,  generally  speak- 
ing, railway  companies  would  do  far 
better  to  purchase-  electricity  from 
supply  undertakings  rather  than  gene- 
rate their  own. 

Mr.  Hobart  certainly  nmkes  out  a 
strong  case  for  the  system  he  advocates, 
oi  course,  theory  is  often  very  diflerent 
to  artiuil  practice,  but  it  is  practically 
certain  that  further  (IcxclopnuMTt-^  ou 
these  lines  may  Ix-  expected  on  railways 
in  the  near  future. 


Tlic  Variable  Horse-Powar.** 

ABri.LETIN  issued  by  the  United 
States  Bureau  of  Standards 
late  last  year  announced  that 
the  <M]ui\a]('i',t  of  746  watt-^  would  in 
future  be  adopted  by  the  bureau  as 
the  exact  equivalent  of  the  American 
and  British  unit  "  hoi>e-power."  The 
Am.  Inst.  £.£.  adopted  tliis  value  in 
1911.  The  salient  facts  of  this  matter 
are  that  the  horse-power  is  dependent, 
for  its  fine  valuation,  upon  the  altitude 
and  latitude  at  which  it  may  be 
measured  in  any  particular  instance. 


James  Watt,  in  London,  adopted  the 
horse-power  as  the  rate  of  work  done, 
the  latitude  of  London  being  approxi- 
mately 50  (h'l^recs,  and  the  level 
approximately  sea-level.  The  A.l.E.E. 
therefore,  defines  a  horse-power  as  the 
rate  of  work  expre-^^-cd  by  550  foot- 
pounds per  second  at  50  degrees 
latitude  and  at  sea-leveL  Unlike  the 
hor'^e-power.  the  watt  is  strictly 
dehnite,  uninliuenced  by  altitude  or 
latitude,  being  composed  of  factors 
repre-entins  time,  ltiit;tli  and  lua^^s, 
in  their  fundamentals.  The  recom- 
mendations of  the  A.I.E.E.  and  of  the 
U.S.  Bureau  of  Standard--  art^  un- 
doubtedly good  ones,  and  although  the 
variations  in  the  value  of  a  horse-power 
at  different  latitudes  and  altitudes 
are  slight  and  may  appear  insignihcant 
for  all  work-a-day  purposes,  it  can 
hardiv  be  denied  that  preference 
should  be  shown  to  a  term  of  definition 
which  is  independent  of  these  factors. 
The  British  Institution  of  Electrical 
Engineers,  therefore,  mifjht  well  signify 
their  agreement  to  the  move  which 
has  been  made  in  the  States. 


CORRESPONDENCE 


The  Editor. 

SIR, — I   have    read    with  interest 
the  article    in    the  September 
number  of  your  journal  making 
comparison  of  some  of  the  many  forms 
of    overheatl    construction    used  on 
different  eku  trii  rai]wa\s  in  the  world. 

There  arc  one  or  two  points,  however, 
with  which  I  cannot  quite  agree,  and 
I  beg  to  be  allowed  to  express  an 
opinion  on  the  matter. 

The  author  is  apparently  very  much 
in  favour  of  single  catenary  systems  as 
compared  with  those  of  the  double 
catenary  type  and  draws  attention  to 

the  faultsol  one  line—  the  X.V.X  Il  and 
H.K.— to  give  weight  to  his  argument. 
Now  this  is  hardly  fair  as  the  construc- 
tion of  the  X.Y.N.H.  and  H.R.  has  a 
number  of  faults  which  are  acknow- 
ledged by  responsible  officials  con- 
nected with  that  line.  The  author 
States  that   the  equipment  of  the 


N.Y.X.H.  and  H.R.  is  an  improve- 
ment of  the  vhit-r  L  B.  and  S.C  .R. 
construction.  This  1  cannot  ai^uee 
with  in  the  least.  Firstly,  I  umler- 
stand  that  the  L.B.  and  S.C.R.  con- 
struction was  brought  into  use  some 
time  after  that  of  the  X.V  X  11  and 
H.R.,  and,  consequently,  the  latter 
cannot  be  an  improvement  on  it ;  and, 
secondlv,  apart  from  this  altogether, 
the  two  designs  dihcr  to  such  a  great 
extent  as  to  be  ahnost  incompatible. 

In  addition  to  di\iding  overhead 
construction  intc)  three  main  types, 
viz..  plain  supported,  single  catenary, 
and  double  catenarv.  the  latter  can  be 
further  sub-divided  into  classes  which 
may  be  referred  to  as  "  rigid  "  and 
•'  flexible."  The  X.V.X.H.  and  H.R. 
belongs  to  the  former  class,  whilst  the 
L.B.  and  S.C.R.  construction  belongs 
to  the  latter.  Xo  further  proof  of 
this  is  necessary  than  the  fact,  that 
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the  N.Y.N.H.  and  H.R.  was  un- 
satisfactory, and  had  to  be  altered, 
while  that  of  thf  I..B  aii'l  S C.R  i^. 
on  the  contrary,  so  satisfactory  as  to 
warrant  its  extension. 

With  the  original  X.V.N. II.  and  H. 
construction  it  was  found  there  was 
extreme  sparking  at  the  collector  due 
to  riRidness.  and.  conscquentlv,  e.\(  <->- 
sive  wear,  in  tlie  case  of  the  L.B. 
.andS.C.R.  thesparkin^ts  ncfihRihle,  and 
the  weir  extienirly  >niall.  both  on  the 
trolley  and  aluminium  collector  strips. 
It  is  true  that  the  collector  strips  on 
the  X.Y.X.H.  and  H.  are  of  steel, 
but  if  an  aluminium  strip  were  used 
it  is  doubtful  if  it  would  last  more 
than  a  day  or  two,  and  sparking 
would  be  found  anvhow. 

The  rigidity  of  the  X.Y.X.H.  and  11. 
■construction  in  the  vertical  plain  is,  of 
course,  due  to  the  einployment  of 
solid  droppers  regardless  of  their 
length  and  also  to  the  use  of  rods 
tying  the  catenary  wires  to  gether  at 
eacli  point  where  the  droppers  are 
ti.xed.  In  the  case  of  the  L.B.  and 
S.r.R.  ronstniction  the  droppers  arc, 
when  above  a  certain  length,  made  of 
two  rods  looped  together,  thus  giving 
vertical  flexibility,  while  rods  tying  the 
■catenary  wires  are  only  used  at  two  or 
three  points  in  a  span.  A  pressure  of 
about  fourteen  pounds  is  sufficient 
to  bring  about  an  appreciable  lift  in 
the  trofley,  but  to  move  the  trolley  in 
a  horizontal  direetion  a  distance  of 
at  most  two  inches,  requires  almost 
herculean  strength  on  the  part  of  any 
one  standing  on  the  roof  of  a  train, 
for  the  reason  that  a  horizontal  pull  is 
almost  directly  against  the  catenary 
wire  on  the  opposite  side  of  the 
trolley. 

Another  fault  with  the  X.Y.X.H. 
.and    H.    construction    is    the  great 
weight  of  the  V-shaped  piece  directly 
above  the  trolley  dip  into  which  the 
•droppers  are  fitted,  compared  with 
that  of  the  trolley  itsilf,  resulting  in 
knocking  of  the  collector  when  passing, 
and    consequent     kinking    of  the 
trolley.    In  the  case  of  the  L.B.  and 
S.C.R.  construction  the  weight  above 
the  trolley  at  each  clip  is  so  small  that 
there  is  absoli^y  no  knock  whtitever 


on  a  bow  passing,  the  trolley  lifting 
uniformly  at  all  points  under  the 

upward  pressure.  I  have  watched  on 
many  dozens  of  occasions,  but  have 
never  yet  seen  a  case  of  jumping. 

.\  further  point  in  favour  of  the 
L.B.  and  S.C.R.  construction  is  that 
each  catenary  span  is  separately  ad- 
justed and  eici  ted,  thus  any  requited 
sag  can  be  obtained  or  altered. 

Further,  a  type  of  pull  off  is  used 
on  the  L.B.  and  S.C.R..  wliich  neither 
requires  additional  insulators  nor 
pull  off  poles  as  in  the  case  of  the 
X.Y.X.H.  and  H.  The  rods  forming 
these  are  fixetl  to  the  catenary  wires 
at  the  latter' s  point  of  suspension,  and 
the  arm  clipped  to  the  trolley  itself  is 
hinged  at  the  apex  of  the  triangle 
formed  by  these  rods,  thus  niauitaining 
the  free  vertical  movement  of  the 
trolley.  This  will  be  readily  seen  from 
Fig.  7  of  the  article  in  the  September 
issue. 

I  think  the  foregoing  is  sufficient  to 
prove  the  absolute  superiority  of  the 
L.B.  and  S.R.  construction  as  comi)ared 
with  the  X.Y.X.H,  and  H.R.  The 
faults  of  the  latter,  however,  have  been 
somewhat,  though  not  completely 
coinpensated  hv  the  employment  of  a 
further  wire  supported  from  the  original 
trolli  y  at  }x)ints  midway  between  the 
droppers. 

The  single  catenary  is  excellent  for 
cheapness,  but  the  horizontal  play  is 
obviously  excessive  and  pull  offs  using 
no  e.vtra  insulators  cannot  very  well  be 
used — unless  the  catenary  wire  is 
doubled  at  the  points  of  suspension — 
both  being  questions  the  importance  of 
which  cannot  be  over-estimated.  As 
regards  dilTj<ulty  of  drivers  seeing 
signals  with  the  double  catenary  con- 
struction I  fail  to  see  how  one  extra 
catenary  wire  for  each  road  can  make 
much  difference  to  the  outlook  fr<Mil 
driving  cab. 

Apologising  for  taking  up  so  much 
of  vour  valuable  space,  which  I  suggest 
is  somewhat  compensated  by  the 
importance  of  the  subject  discussed. — 
Yotus  truly, 

Bernard  de  Nevers. 
Crofton  Park.  S.E. 


Boon 


The  Principles  of  Setting-Out, 
Securing  and  Tooling  Opcimtkmu. 

Uy  Alir<  il  I'arr,  publohctl  by  LongmBiu,  Grcenand 

Co. /London,  price  jt.  6d.  net. 

We  take  up  with  pleasare  the  latest 

work  of  Mr.  Parr,  which  lias  iiitt  rt  stcd 
US  greatly,  both  with  its  novel  arrange- 
ment, as  there  are  no  chapters  to  sub- 
divide the  book,  and  with  the  material 
in  its  pages.  There  is  no  doubt  that 
Mr.  Parr,  as  an  instructor  in  workshop 
practice,  has  felt  the  need  of  such  a 
book  of  instniction  for  his  students  and 
owing  to  the  lack  ol  reliable  literature 
on  the  subject  has  tackled  the  situa- 
tion. The  result  of  his  labours  is  highly 
creditable,  and  will  be  welcomed  by 
many  of  the  teachers  of  this  subject. 
It  is  a  most  practical  and  serviceable 
work. 

The  "  apology  "  for  its  production  is 
perhaps  best  given  bv  Prof.  Bullcid  in 
his  introduction,  who  states  that  "  the 
ever-mcreasing  variety  of  engineering 
work,  and  the  <1(  irrrp  to  which  specializa- 
tion is  carried  m  modem  manufacturing 
processes,  renders  it  more  and  more 
diftu  nit  for  a  workman  to  obtain  a  full 
knowledge  of  his  trade,  and  to  no  branch 
of  work  does  this  apply  more  than  to 
setting-out.  .\  man  trained  in  a  type- 
writer factory  may  acquire  a  sound 
knowledge  of  jig  and  templet  work,  and 
die  making,  but  have  very  little  experi- 
ence of  dealingwithcastings  and  forgings 
of  any  size  on  a  marking-off  table, 
whereas,  a  man  working  in  a  general 
repair  shoji  has  plenty  of  W(jrk  of  the 
letter  kind  and  very  little  of  the  former. 
Moreover,  there  is  an  increasing  ten- 
dency for  setting-out  to  become  a 
separate  department,  the  man  who 
machines  an  article  working  to  instruc- 
tions from  the  tool  room  or  gauge 
department.  At  one  time  seitmg-out 
meant  covering  a  casting  or  forging  with 
whitewash  and  drawing  in  the  lines  with 
a  scribing  block  on  a  table ;  now  it 
involves,  m  addition,  the  use  of  special 
fixtures  for  holding  work  on  the 


machines,  jigs  for  drilling  through,  and 
templets  and  gauges  for  setting  the 
tools  and  ti-sting  the  arcuracy  of  the 
work,  many  articles  being  hnished  with- 
out a  single  line  being  drawn  on  them.'* 

W'e  think,  lio\\(  \-er,  a  more  appro- 
priate and  comprehensive  title  would 
nave  been  "  Modem  Workshop  Prac- 
tice," because  this  is  what  the  book  is 
full  of.  The  author  describes  in  clear 
and  simple  language  all  the  various 
tools  an<l  instruments  of  precision  neces- 
sary for  the  complete  marking-off  of 
all  kinds  of  work.  These  instruments 
are  shown  at  the  beginning  for  the 
general  student,  but  (or  the  more 
advanced  student  tlu'  use  of  the  same 
instruments  is  frequently  seen  in  testing 
the  accuracy  of  pieces  of  work  through- 
out the  book. 

Limit  gauges,  of  course,  find  a  place, 
and  a  description  is  given  of  the  latest 
system  of  gauges,  the  Johansson,  whicii 
comprises  a  series  of  flat  steel  plates 
of  varying  thicknesses,  si,  that  bv  using 
a  combination  of  these  plates  any  size 
can  be  obtained  from  o.iooi  to  8  or  lo 
in.  Some  useful  notes  are  given  on  the 
design  and  construction  of  jigs,  and  we 
note  that  the  author  rightly  considers 
that  the  jig  designer  mu^t  ho  a  specialist, 
not  necessarily  a  hn>t-rank  draughts- 
man, but  aman  who has^Missed  through 
the  various  stages  of  tool  room  work, 
and  thus  able  to  make  a  happy  combina- 
tion of  accuracy  and  utihty  in  his 
designing  with  a  view  to  simplicity  and 
ease  in  handling  the  jigs  when  made. 

In  "  hints  on  marking-off  "  occurs  a 
paragraph  of  vital  importance :  "  In 
the  first  place,  the  casting  or  forging 
should  be  overhauled  to  ascertain 
whether  the  job  will  clean  up  all  over 
before  commt>ncing  to  line  out  any 
part  whatsoever."  This  point  cannot 
be  too  strongly  impressed  on  the  bud- 
ding machinic,  liecause  iiisl ant  es  occur 
daily  of  machine  work  l>emg  put  on 
jobs  which  are  too  small  perhaps  in  some 
odd  place  to  finish  to  the  requisite 
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dimensions,  and  time,  money  and 

patience  lost  thereby. 

A  kHJok  of  this  nature  would  not  be 
complete  without  some  reference  to 
gearing  ;  and  the  author  has  treated 
this  in  a  simple  and  concise  form,  giving 
the  involute  tooth  the  preference,  as 
the  one  in  general  use,  to  the  absolute 
exclusion  of  the  cycloidal  form.  The 
generating  of  gear  teeth  is  exemplified 
as  carried  out  by  the  Fellows  Gear 
Shaper.  We  have,  however,  one  very 
serious  complaint  to  make,  and  that  is, 
that  while  grinding  and  grinding 
machines  naturally  have  a  place,  only 
seven  pages  are  devoted  to  tlie  subject, 
a  totally  inadequate  number  considering 
the  vast  stridesmadedurinu  the  iiast  few 
years  in  this  method  of  machuung.and 
Its  correspondingly  growing  imjK)rt- 
ance.  The  author  states  that  "  grind- 
ing machines  arc  essentially  in  use 
where  precise  methods  of  worktng  are 
adopted  or  interchangeable  parts  arc 
manufactured.  '  This  is  true,  but  he 
does  not  go  far  enough  and  only  one 
machine  is  iltustrated,  the  universal, 
no  mention  whatever  being  made  of  the 
modem  plain  grinding  machine  which 
has  become  a  necessary  addition  to 
every  kind  of  machine  sliot,  and  is 
essentially  a  manufacturing  machine. 

The  book  concludes  with  some  notes 
on  the  "  City  and  Guilds  of  London 
Institute "  examination  questions 
which  will  prove  beneficial  to  those  who 
may  be  entering  for  those  examinations. 


By  B.  R.  Ifatthcws.  Charles  Griaa  ud  Co.,  Ltd., 
London,  1913.    los.  6d.  a«t'. 

The  statement  in  the  report  of  the 
recent  Royal  Commission  upon  this 
subject  that  "  sea  defence  is  not  a 
national  service "  is  much  to  be 
regretted,  not  onlv  beca\ise  there  is  a 
very  strong  lx>dy  of  contrary  opinion, 
but  because  such  a  statement  rather 
tends  to  minimise,  in  the  eyes  of  the 
general  body  oi  the  mteresteil  public, 
the  urgent  importance  of  the  matter. 
The  volume  before  us  is  useful  as 
combating  this  danger ;  it  is  written 
in  no  alarmist  spirit,  but  sets  forth 
Scientificallv  tlie  actual  facts  and  the 
extensive  nature  of  erosion  at  certam 
points  of  our  coast.   Even  if  accretion 


equalled  erosion   the  matter  would 

still  be  sufficiently  serious,  but  the 
author  states  that  such  is  not  the 
case  and  that  erosion  predominates. 
Mr.  Matthews  is  the  borough  engineer 
of  Bridhngton,  and  in  this  capacity 
has  had  much  practical  expenence. 
He  has,  moreover,  made  the  matter  a 
special  study  and  is  consulting  engineer 
re  coast  erosion  to  several  local  authori- 
ties.  The  work,  as  might  be  expected, 
is  eminently  practical.  The  whole 
subject  is  comprehensively  covered 
and  the  various  methods  of  coast  pro- 
tection are  fully  describe<l  an<l  their 
efhciency  contrasted.  A  cliapter  deal- 
ing with  the  author's  own  experiments 
on  the  effect  of  sea  water  on  cement  and 
concrete  is  inclutled  and  is  of  great 
interest  for,  of  course,  it  has  a  very 
important  bearing  upon  the  question. 
Tlie  difhculties  of  constructing  effective 
coast  defence  works  arc  many,  and 
successful  result-;  can  only  be  achieved 
by  research  and  experience.  W  hen  it 
is  realised  that  the  impact  of  a  wave- 
frequently  reaches  three  tons  per  square 
foot,  the  terrific  forces  that  have  to  be 
resisted  will  more  easily  be  understood. 
The  illustrations  and  photographs  are 
exceptionally  good  and  the  large  clear 
type  in  which  the  book  is  printed  is  a 
welcome  relief  from  the  small  close 
type  of  so  many  technical  publications. 


Torbines  Applied  to  Maitee 
Propulsion. 

Bv  Slanlry  J.  R«>.ifl.    Con-Mbli-  .md  Co.,  Ltd.., 

LlHullMl.  I'yIJ.      I'l-  lift. 

This  volume  embodies  a  special 
course  of  lectures  delivered  by  the 

author  at  tlie  Naval  Architei  turc 
Department  of  the  University  of  Glas- 
gow in^the  early  part  of  1912,  but 
contains  additional  matter.  As  the 
book  is  intended  more  especially  for 
practical  use,  thermo-dynamics  and 
mathematics  are  dt  alt  with  as  little  as 
possibli',  but  the  alisohite  essentials 
are  given  in  the  first  chapter.  After 
discussing  nozzles  and  blade  forms, 
an<i  the  question  of  general  <lesign,  the 
various  types  are  severally  described. 
Superheat  and  transmission  each  claim 
a  separate  chapter  and  the  volume 
concludes  with  a  useful  section  of 
general  notes.   We  should  like  to  have- 
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seen  some  reicreiKc  to  gas  turbines 
but  the  author  is  of  opinion  that  they 
are  in  too  o\p<Tiiiiental  a  stage  (or 
practical  use  ;  there  are,  of  course, 
those  who  will  dispute  this.  The 
illustrations  are  .cood  and  <  Icar.  and 
th.-  volume  is  a  useful  adilition  to 
literature  on  the  subject,  but  progress 
in  turbine  <-(»nstruction  is  still  being 
made  so  rapidly  that  a  book  of  this 
sort  will  soon  ^ow  out  of  date  unless 
frequently  revised. 

The  Control  of  Water  m  Applied  to 
Irrigationi  Power  and  Towo  Water 
Supply  Purposes. 

Uy  I'hilip  A.  M.irl.  y  I'ark.  r.  A  M.I.C.E.,  ic< .  Grv. 
RottUmlgc  &  Son-.,  Ll<l.  nrt. 

This  work  is  to  be  regarded  as  an 
advanced  manual  for  civil  engineers  in 
active  work,  and  will  prove  useful  to 
technically  trained  men.  The  amount 
of  initial  knowledge  assumed  in  the 
reader  is  considerable,  and  the  work 
■cannot  therefore  be  l()f)ke(l  upon  as 
suited  for  the  junior  ingineering 
student.  The  author  exhibits  a  passion 
for  figures,  tables,  and  formula,  and 
these  appear  in  abundance  on  almost 
•every  page  of  the  book.  Although 
the  treatment  of  the  theoretical  parts 
is  intentionally  cursorj^  the  formula: 
are  based  largely  upon  well-conducted 
observations,  and  are  believed,  on  that 
account,  to  possess  greater  practical 
titility.  The  contents  of  the  volume 
amply  cover  the  wide  raniie  of  subjeets 
indicated  by  its  title,  and.  after  the 
customary  "  preliminary  data "  and 
f^'f  n.  r  il  theory  of  hydraulics,  treats  in 
turn — the  gauging  of  streams,  discharge 
of  orifices,  collection  of  water  and 
flood  discharge,  dams  and  n'servoirs. 
pipes  and  open  channels,  the  purifica- 
tion of  water  and  other  matters  con- 
nected with  town  water  supplies, 
irrigation,  moveable  dams,  and  hydrau- 
lic ma<  hinery,  including  turbines  and 
centrifugal  pumps.  The  volume  will 
also  be  fovuid  a  valuable  record  of 
much  practical  experience  based  on 
the  author's  own  "  notes,"  gathered 
over  a  period  of  some  18  years  of 
professional  work.  Ihe  space  at  our 
disposal  will  not  admit  of  reference  to 
the  many  excellent  features  of  this 
jemarkable  book,  but  it  may  be  said 


that  the  whole  work  is  a  model  of 
painstiiking  industry  of  an  unusually 
iiii.;li  order  of  nitTit.  and  embodies  in 
it>  1,055  pages  of  closely  printed  text 
a  vast  mass  of  information,  both 
thenfctical  and  practical,  the  like  of 
which  is  not  to  be  found  in  any  existing 
work.  Its  many  interesting  notes  of  a 
thoroughly  practical  charai  ter  MriU  be 
read  with  interest  by  tlie  executive 
engineer,  such,  for  example,  as  on  the 
"  coating  "  ami  thirability  of  cast  iron 
pipes,  the  hltration  of  water,  water 
dams,  culverts,  trench  work,  and  a 
host  of  other  matters.  We  observe, 
however,  in  connection  with  the  dij}ping 
of  cast-iron  pipes  in  the  application  of 
Angus  Smith's  and  other  like  coatings, 
no  mention  appears  to  be  made  of  the 
modem  approved  method  of  a  pre- 
liminary "dip"  into  hot  water  for 
the  cleansing  of  ca-^tings  lit  fore  immer- 
sion in  the  bituminous  liquid,  which, 
in  our  experience,  is  very  desirable 
where  a  good  permanent  coating  is 
essential.  Another  point  to  which  we 
must  take  exception  is  the  rather  too 
^weeping  generalisaticMi  on  page  573 
in  regard  to  "  mechanical  tillers " 
which  are  stated  to  be  "  more  expensive 
to  maintain  and  to  supervise  than  the 
slow-sand  type."  This  is  by  no  means 
always  the  case.  Many  illustrations  of 
mechanical  filters  within  our  own 
knowledge,  are  found  to  be  decidedly 
cheaper  to  maintain  and  simpler  to 
sujurvise  than  the  slow  sand  tvpe. 
Neither  is  it  by  any  means  the  fact,  in 
this  country  at  any  rate,  that  "  the 
effluent  from  a  mechanical  filter  is 
usually  considered  to  be  satisfactory 
when  It  is  free  from  turbidity*'  as 
stated  on  page  575  On  the  contrary, 
a  high  degree  of  bacteriological  purity 
is  now  demanded  and  obtained  from 
tli<  -^u  it  ably  designed  mechanical  filters 
wlii(  li  must  be  capable  of  taking  out 
all  water  bourne  genus  like  the  bacillus 
coli  and  the  typhoid  bacillus.  But 
these  are  matters  of  recent  practice 
which  perhaps  have  not  fallen  so  fully 
within  the  author's  experience  as  have 
the  many  other  topics  so  ably  dealt 
with  in  this  comprehensive  and  well 
arranged  work,  which  will,  we  antici- 
pate, -pccdilv  find  its  way  into  the 
ofhces  of  most  practising  water  en- 
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gincers,  and  thus  come  to  be  looked 
upon  as  a  useful  standard  work  of 
reference. 


D«r  TonioAs-Iiulikator  (Th*  Torque- 
ladic&tor)  Pt  l  1  Dio  EloktrfMlioo 
Methoden  zur  Verdrehimg»ing«»ii«g» 

Rv  Dr.  In«.  Paul  Nctliii.iiiri,  ?H  pp.,  34  ill.  M. 
Krayu,  U'-rliu,  lyi). 

The  ,i;ri'at  (HtTiculties  of  (h'terniining 
the  outDut  of  very  large  engines,  more 
espectaliy  marine-engines,  many  yeai^ 
aijo  led  to  the  dcsif^n  of  the  first 
torque-indicators,  ^uite  recently  the 
coming  forward  of  large  Diesel  engines 
for  marine  purpost  s  ha>  l  aii^cd  a  sr<  at 
activity  in  the  designing  of  suitable 
indicators  for  measuring  large  outputs. 
There  are  three  different  types  of 
torque  indicators  : — The  electrical* 
mechanical  and  optical.  In  the  work 
under  review  the  aiitlior  deals  ex- 
haustively with  the  electrical,  and 
promises  two  more  treatises  dealing 
with  tlie  other  methods.  The  wCH-k  is 
lari,'elv  descriptive,  i.e.,  the  most 
important  types  already  existing  are 
described  rather  fully,  besides  such 
apparatus,  which,  thoufih  patented, 
has  not  actually  been  constructed. 
The  work  is  very  um  (ul  as  containing 
a  clear  expf)-'ition  of  the  jLjuiding 
principles  of  electrical  torque-indica- 
tor!;, but  it  is  unfortunate  that  no 
results  of  actual  tests  are  given. 

By  W.  AnlrobM.  John  Heywood,  Ltd.,  Man- 
«li«tter.   i9ts>  ]*• 

The  keynote  of  this  little  book  is 
the  possibility  of  rheanening  oil  by 


producing  it  from  raw  materials 
tiitherto  regartled  as  practically  value- 
less. The  question  has,  of  course,  been 
prominently  brought  to  the  fore  by  the 
rapid  rises  in  the  cost  of  oil  and  petrol, 
and  the  possibility  of  the  exhaustion  of 
existing  mean<  of  supply.  The  author 
touches  al-o  on  electric  propulsion,  and 
advocates  the  extensive  use  of  water 
power  for  generating  current,  to  be 
ustd  in  connection  with  Edison's  new 
storage  battery.  The  book  should  prove 
of  great  interest  to  motorists,  and  all 
others  interested  in  this  matter,  and  is 
excellently  illustrated  by  photographs 
specially  prepared  for  the  "  Oil  Power  ** 
number  of  Cas-ier's  Engineering 
Monthly,  and  reproduced  by  permis- 
sion of  the  proprietors. 


Tho  Pitting  ood  Braetiag  of  Bogfawo. 

By  C.  LctUe  Browne.  Bmowlt  dt  Co.,  Ltd.,  Man- 
chntcT,  i9ii.  jt.  6d. 

The  author  wisely  emphasises  in 

the  preface  to  this  little  volume  that 
book  work  can  not  fonn  a  satisfactory 
substitute  for  practical  experience,  and 
tlie  information  lierein  containc-d  is 
intended  to  supplement  the  workshop 
practice  of  young  engineers.  The  con- 
tents oii",inall\'  appeared  as  a  series  of 
articles  in  the  Mechanical  World,  but 
have,  of  course,  been  revised  and  brought 
fully  up-to-date.  It  is  written  in  a 
simjde,  yet  eminently  practical  manner 
accompanied  by  numerous  diagrams, 
and  should  certainly  prove  of  value 
to  students. 
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A  Sea  Going  Motor  Crttiser. 

THE  below  is  a  photograph  of  the 
motor  cruiser,  Maiko,  recently 
completed  by  John  I .  Thornycroft 
and  Co.,  Ltd.,  for  a  customer  in  France. 
She  is  55  feet  in  length  with  a  beam 
of  loh  feet  and  a  draft  of  feet.  Her 
motors  are  of  the  Thornycroft  C  6 
type  developing  70  B.H.P.  on  paraffin. 
A  mast  hinged  in  tabernacle  with  lug 
and  head  sails  is  fitted.    She  has  just 


arrived  at  Cape  Finistere  under  her 
own  power,  and  the  owner  reports  that 
she  is  giving  every  satisfaction. 

Another  seagoing  vessel  lately  con- 
structed by  the  same  tirm  is  the 
Advice,  which  won  the  London  to 
Cowes  race,  a  distance  of  176  sea  miles, 
which  was  covered  in  17  hours.  This 
cruiser  is  43J  ft.  over  all,  and  has  a 
6-cylinder  engine  developing  53  B.H.P. 
at  about  i.ooo  K.P.M.,  but  during  the 
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race  the  power  devclope;!  was  not  more 
than  30  B.H.P..  owing  to  the  special 
valve  reducing  arrangements  necessary 
in  order  to  comply  with  the  rulc^. 
tender  these  circumstances,  therefore, 
the  speed  of  10  knots  maintained  for 
the  whole  journey  was  exceptionally 
g()o<l,  and  reflects  great  credit  on  Messrs. 
Thornycroft. 


InHuence  of  Racing  in  Motor  Boat 
Design. 

THE  accompanying?  photograph 
serves  to  illustrate  the  influence 
that  racing  has  upon  the  tlesitin 
of  non-racing  boats.  It  is  of  a  boat 
j'lst  shipped  to  Viborg  by  Messrs.  J.  \V. 
Brooke  and  Co.,  Ltd.,  of  Lowestoft, 
and  illustrates  a  type  of  which  they  arc 
building  several  for  general  utility 
purpose-;.  The  engine  is  the  firm's  4- 
cylinder  high-speed  type  running  at 
2.100  K.P.M.  direct  on  to  the  pro- 
peller, capable  of  developing  a  spee<i  of 
23  knots.  The  boat  itself  is  21  feet 
long  with  a  beam  of  4A,  and  has  a 


MnroR   BOAT    Ill  lLf   BV   UK-.>(<^.   J.   w.   RKOUKI;  iV  CO., 

I.iii,    t<i«i-ii>n    kp»4  a  <i'<,tov>r  in  viuorc;. 

VltW   TAKkM   (MOM  AlKlVr. 


carrying  capacity  of  four  people.  Such 
a  boat  would  prove  eminently  suitable 
for  work  on  many  of  the  waterways 
in  the  colonies,  and  the  reliability  of 
Messrs.  Brookes'  engines  is  well  known. 

This  firm  has  recently  completed 
also  a  J5  ft.  steel  motor  tug  for  the 
Sudanese  (Jovemment,  for  use  at 
Khartoum.  The  four-cylinder  engine 
develops  45  H.P..  and  the  steering  is 
arranged  forward.  Reversing  is  effected 
by  a  special  Brooke  single  lever  epicyclic 
gear  of  heavy  pattern.  With  a  dis- 
placement of  3i  tons,  this  boat  averaged 
a  speed  of  nine  knots  on  trial. 


Internal  Combustion  Locomotive 
Engines. 

THE  internal  combustion  engine  once 
established  bassoon  found  its  way 
into  fields  of  usefulness  beyond 
the  mere  passenger  vehicle  or  pleasure 
boat.  Fishing  smacks,  lifeboats  and 
big  steamers  already  own  it  as  their 
niotive  power,  and  locomotives  by  no 
means  of  necessity  of  small  size  are 
equipped  with  it  by  the  Gasmotoren- 
Fabrik  Deutz  of  Cologne,  such  loco- 
motives using  as  their  fuel,  petrol, 
heavy  gasoline,  benzol,  crude  benzol, 
paraffin  and  alcohol. 

.•Ml  manner  of  light  railways  have 
failed  or  been  but  a  half  success  for 
lack  of  a  good  motive  power.    A  small 
steam  locomotive  does  not  show  up 
well  in  its  capacity  as  a  narrow  gauge 
haulage  power.    In  mining  work  par- 
ticularly the  need  of  a  good  sniall 
locomotive  has  been  felt,  for  the  electric 
locomotive   with   its   internal  power 
circuit  is  often  quite  unfitted  for  the 
situations  in  which  it  finds  itself,  and 
It  was  to  mining  enquiries  that  the 
internal  combustion  locomotive  owed 
its  being.    The  engine  is  self-containetl 
and  independent  of  any  power  station, 
its  first  cost  is  les<.  there  are  no  losses 
of  lime  by  accunmlator  charging,  and 
cost  of  upkeep  is  small.    These  ad- 
vantages apply  to  the  comparisons 
with  both  electricity  and  compressed 
air, which  latter  type  is  saddled  with  a 
bulky  reservoir. 

The  "  Otto  "  engines  are  constructed 
by  the  (iasmotoren  Fabrik  Deutz  and 
are  built  up  of  three  main  parts,  the 
underframe.  the  engine  and  the  driving 
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gear.  The  frame  is  carried  on  two 
driving  axles,  the  two  pairs  of  wheels 
being  coupled  by  chains  round  gear 
wheels  on  the  axles,  next  to  the  running 
wheels.  The  engine  is  of  single 
cylinder  horizontal  type  with  a  good 
fly  wheel,  and  gearing  to  give  two 
speeds  in  either  ilirection  with  a  chain 
drive  to  the  main  axle  and  a  coupling 


chain  as  stated  above  or  coupling  rods 
of  the  old  type  to  the  other  axle. 
The  spee«l  changes  are  effected  bv  coil 
friction  clutches  worked  by  the  driver. 
A  hand  lever  determines  the  direction 
of  travel  ;  the  wheel,  by  its  extreme 
left  and  right  and  its  middle  position 
determines  the  two  speeds  and  the 
rest  position.    The  cooling  tank  of 
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the  cnRine  forms  a  part  of  the  engine 
bed  plate  and  water  circulates  by  the 
differential  gravity  of  the  heated 
water.  Ignition  is  by  low  tension 
magneto.  The  mechanism  is  wholly 
enclosed  from  dirt  and  dust.  Eight 
standard  types  are  matle  by  the  firm 
with  engines  varying  from  6  up  to 
60  H.P.,  the  weight  from  63  to  344 
cwts..  and  the  haulage  pull  from  340 
up  to  6,270  pounds  as  a  ma.ximum  in 
the  largest  size.  In  mine  or  held  work 
the  gauge  varies  from  16  to  28  inches, 
but  shunting  and  tramway  locomotives 
arc  made  for  the  ^  Hk  in.  gauge,  the 
former  varying  from  12  to  50  H.P.  ; 
the  latter  from  15  to  60  H.P. 

These  locomotives  throw  no  sparks 
and.  therefore,  are  verv  safe  for  forest 
work  or  dry  grass  countries  as  well  as 
in  factories  u  hereinHainmalile  materia! 
is  being  worked,  as  paper  mills  or  cable 
works. 

The  total  working  costs  per  ton  nule 
for  the  12  and  S  H.P.  sizes  has  been 
given  by  users  as  10,  and  o*«S 
pence,  including  12",,  for  depreciation, 
5",,  per  interest,  and  4'*,,  for  upk<'i'p 
and.  of  course,  labour,  fuel,  oil  and 
stores. 


When  a  locomotive  is  required  for  a 
light  rail  it  is  made  duplex  and  may 
have  in  all  twelve  wheels  in  two  units 
of  six  coupled  wheels  each.  Such  an 
engine  is  shown  in  one  of  the  accom- 
panying illustrations. 

In  addition  to  petrol  and  alcohol 
another  fuel  of  great  importance  is 
that  product  of  coal  tar  distillation 
known  as  benzol.  There  are  perhaps 
7  or  S  benzol  plants  already  erected  in 
this  country  in  connection  with  coke 
oven  plants  and,  owing  to  the  high 
price  of  petrol,  this  fuel  is  receiving 
great  attention  by  motor-car  owners. 
In  (lermany  the  majority  of  these 
locomotives  are  working  on  this  fuel 
and  about  l2-l5"o  increaseil  output 
is  obtained  from  tlie  same  engine  as 
ctHupared  with  petrol.  This  is  due  tf» 
the  increased  compression  pos^-ible 
with  benzol,  viz.,  a  pressure  of 
about  130  to  145  lb. 

Messrs.  \V.  Silvestecn  and  Co..  of 
147,  Cannon  Street,  London,  are  the 
agents  f<»r  the  "  Otto  "  locomotives, 
both  for  (iri'at  Britain  an«l  the  ( Olonies. 
and  will  be  pleasetl  to  supply  full 
information  respecting  them. 
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The  Mca  Magneto. 

ANEW  type  of   Magneto  has  re- 
cently   been     placed    on  the 
market,  which   possesses  st)mc 
entirely  new  features. 


THE   IIEI.l   SIIArtO   «l\r,N»t    <i»    T<(E    M  ►  \  MAliSKtO. 

In  place  of  the  universal  horse-shoe 
type,  the  Mea  magnet  is  boll-shaped, 
and  placed  horizontally  and  in  the  same 
axis  as  the  armature.  This  magnet  is 
mounted  in  an  outer  case,  so  that  the 
movement  of  the  contact  breaker  to  the 
advanced  or  retarded  positicm  also 
rotates  the  magnet.  Thus,  if  the 
relative  position  of  armature  and 
magnet  is  once  adjusted  so  as  to  give 
the  best  spark,  it  follows  that  with  the 
above  arrangement  this  relative  posi- 
tion always  remains  the  same,  and 
hence,  whether  advanceil  or  retarded, 


I.YIIKIOK   XTIW  ft    MKA  lI.\<.NrtO 


the  spark  is  always  of  maximum 
strength.  It  is  on  account  of  this 
feature,  that  the  Mea  Company  claims 
that  easy  starting  up,  without  ri>k  of 
back  tires,  is  assured.  Moreover,  the 
certainty  of  tiring  at  all  speeds  gives 
impnned  acceh-ration. 

Other  features  of  the  Mea  which 
deserve  attention  are  the  special  high 
tension    termmals,   which   ensure  a 
jjositive  conni'^tion,  and  prevent  access 
I  of  moisture;  the  entirely  closed  con- 
>  struction  of  the  machine,  so  that  it  is 
f  water|)r()of  and  dustf)roof ;   and  the 
ease  with  which  the  adjustments  and 
inspection  can  be  made.     The  Mea 
extremely  simple,  and  should  therefore 
I  nm  for  lengthy  periodswithout  trouble 
developing. 


Simplex  Extincteurs- 

AMONGST  the  various  appliances 
manufactured  by  Messrs.  Mather 
and  IMatt.  Ltd.,  for  the  preven- 
tion or  extinguishing  of  fires  are  the 
"  Simplex  "  extinguishers.  These  appli- 
ances ar  ,:'asily  portable.  Constructed 
of  steel  or  copper,  they  throw,  by 
chemical  force,  an  effervescing  fluid 
of  great  extinguishing  jx)wer  to  a 
distance  of  from  50  to  (x)  feet. 

Messrs.  Mather  and  Piatt,  Ltd..  have 
reciMitly  received  a  letter  from  the 
Portholme  Aerodrome,  Ltd.,  which 
bears  remarkable  testimony  to  the 
efficiency  of  these  appliances  for  the 
purpose  for  which  they  are  constructed. 
In  the  early  part  of  the  present  year  the 
Portholme  .\ero<lrome,  Ltd..  purchased 
six  ■'  Simplex  "  Extinguishers.  On 
June  29th  an  aviator  flying  at  the 
Shoreham  .Aerodrome  had  a  mishap 
whibt  in  the  air,  and  the  landing  was 
so  rough  that  the  machine  was  smashed 
up.  I'he  petrol  tank  burst,  and  the 
machine  was  set  on  tire.  One  of  the 
attendants  at  the  AiTodrome  hurried 
to  the  scene  of  the  accident  with  one  of 
Mather  and  Piatt's  "  Simplex  "  ex- 
tinguishers. W  ith  this  he  managetl  in  a 
few  seconds  to  extinguish  the  tire  that 
was  bla/.inf.;  furiously  round  the  aviator. 
Unfortunately  the  aviator  was  already 
seriously  burned,  and  subsequently 
succumix'd  to  his  injuries,  but  the 
Portholme  Aerodrome,  Ltd.,  in  their 
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letter  to  Messrs.  Mather  and  Piatt 
state  their  belief  that  if  their  attendant 
had  been  nearer  the  scene  of  the  acci- 
dent in  the  first  instance  the  life  of  the 
unfortunate  aviator  would  certainly 
have  been  saved. 


New  High-Speed  Tube  Cutter. 

THE  accompanying  photograph 
illustrates  a  patent  tube  cutting 
machine  manufactured  by  Joshua 
Heap  and  Co.,  Ltd.  These  machines 
are  made  in  2  in.,  3  in.,  4  in.,  and 
6  in.  sizes,  and  have  been  specially 
designed  for  cutting  tubes  in  the  most 
expeditious  manner.  The  actual  time 
taken  to  cut  a  2  in.  tube  is  only  7 
seconds,  while  15  seconds  suffice  for 
a  3  in.  tube  on  the  3  in.  machine. 
No  time  is  lost  in  stopping  and  re- 
starting the  machine,  instant  gripping 
or  release  being  effected  by  means  of 
a  patent  gripping  chuck  fitted  on 
the  spindle  nose  operated  by  a  single 
movement  of  the  lever  on  the  front 
of  the  machine.  The  cutting  off  rest 
is  fitted  on  the  saddle  and  has  one  tool 
only.    The  cut  or  feed  is  put  on 


automatically,  three  rates  being  avail- 
able, and  an  adjustable  automatic 
stop  motion  is  provided  so  that  when 
the  tool  has  traversed  the  required 
distance  the  feed  is  knocked  oft"  auto- 
matically. A  finger-tip  motion  is  also 
provided  so  that  the  feed  can  be 
instantly  knocked  off  by  hand.  All 
the  operating  gear  on  the  saddle  is 
entirely  enclosed  so  that  cuttings 
cannot  get  into  the  working  parts.  An 
adjustable  gauge,  which  can  be  quickly 
set  for  different  lengths,  is  supplied, 
and  also  an  automatic  pump. 


Change  of  ffame* 

WE  are  informeti  that  in  order  to 
obviate  confusion  which  has  fre- 
quently arisen  between  the  name 
of  Kelvin  and  James  White,  Ltd.,  and 
another  firm  of  nautical  instrument 
makers,  the  company  has  by  a  special 
resolution  altered  the  style  to  Kelvin, 
Bottomley  &  Baird,  Ltd.,  and  it  is  rc- 

Suested  that  all  communications  bead- 
ressed  accordingly.  The  address  re- 
mains as  before,  18,  Cambridge  Street, 
Glasgow. 


HIGH    AFKtU   TUBE  CUTTEK   MANL-rACTUKC  U    BY   JU»HUA    REAP   &   CU.,    LTD,  ASHID-N-UNUER-LVXe. 
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N«w  Wofli*. 

MKSSRS.  THERMIT,  LIMITED, 
hnv'p  removotl  to  larger  and 
more  convenient  works  at  675, 
Gmimerctai  Roadj  London.  E.,  to 
which  address  all  goods  should  in 
future  be  sent.  All  eommunications 
should  be  addressed  to  27,  Martin's 
I.anr,  Cannon  Strrct.  V.  C  ,  ,)v  iM-fnrf. 
Their  telephone  number  has  also  been 
altered,  and  is  now  4292.  City  {2  lines). 

NEW  CATALOGUES. 

Aerial  Conveyor* 

From  Rleicherts  Aerial  Transporters, 
Ltd..  of  Old  Broad  Street,  London, 
E.C.,  we  have  received  an  interesting 
bookli  t  di'scriptive  of  the  many  usi's 
to  which  their  tonvryors  are  adapted. 
It  is  illustrated  with  txrcllent  plioto- 
grgphs  showing  the  plant  at  work  under 
various  conditions.  Railway  shipping, 
mining,  passenger,  and  vcrv*  many 
other  applications  are  dealt  with.  The 
range  of  utility  is  a  very  wide  one,  and 
all  interested  should  write  for  a  copy 
of  this  book. 


Pressure  Gauges* 

Messrs.  I-"ournier  et  Cie  have  sent  us 
details  of  their  thcrmo  and  pressure 
instnmients.  The  1-Ournier  system  is 
patented  in  ICn^land  and  al)road,  and 
it  is  claimed  has  solvnl  the  problem 


of  centralizing  to  a  single  spot  any 

distani f  from  the  plaet'  of  action  the 
reading,  recording,  and  regulating  of 
the  actually  existing  drt^rees  of  tem- 
perature, humidity,  \>  iitilation,  pres- 
sure, etc.  Full  particulars  are  given 
in  the  booklets  issued  by  the  Thermo 
and  Pressure  Instruments,  Ltd.,  of 
'»<»,  S,di'^hur\'  Road,  Kilhiirn.  tlit-  sole 
British  agents,  who  will  be  glad  to 
answer  all  enquiries. 


Steel  Forgingft. 

In  the  li>t  recently  sent  us  by  the 
Kotherhain  Forge  and  Rolling  Mills 
(  o.,  Ltd.,  of  Rotheihain,  not  only  are 
excellent  photographs  of  various  cast- 
ings protluced  by  the  firm,  but  aKo 
some  interestuig  views  of  the  niagnih- 
cently  equipped  machine  shops  and 
rollinq  mills,  and  a  bird's  eye  view  of 
the  whole  works  conveniently  situated 
on  the  river  Don,  with  direct  railway 
conununication  by  private  sidinu-. 
Steel  forgings  up  to  15  tons  in  weight, 
and  subject  to  standard  tests,  are  under- 
taken bv  this  firm,  who  are  (Contractors 
to  the  Admiralty  and  other  Govern- 
ment departments,  as  well  as  to  foreign 
goveniinents  and  raihvav-.  The  30- 
ton  Bucktun  testing  machine  (a 
feature  of  the  testing  room)  has  been 

a<repte<l  by  the  IVO.T.  It  >-IiMu!d  be 
added  that  >p«cial  attention  is  given 
to  "  Bnakdown  "  orders. 
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TH£  CONSTRUCTION  OF  STEAM  TURBINES 

A  REVIUW  or  PRF.SRNT  PKACTICB 
PART  I. 


IT   is  parUcuiaily  during   the  past 
ten  years  that  the  steam  turbine 
has    developed   to   an  almost 
unique  degree. 

The  superiority  of  the  steam  turbine 
over  the  n'<  ipriH  atinf,'-fiii,'in<-  is  (hie  to 
the  ninre  complete  utiUs.ition  of  the 
expansion  of  the  steam  (Fig.  i).  which 
p<-miits  {>{  an  t  i  unomii  al  utilisation 
of  steam  of  an  atmospheric  pressure, 
a  reduction  in  the  costs  of  erecting, 
maintaining  and  lulni'  iting  the  plant, 
and  in  the  extreme  smipUcity  and  the 
small  amount  of  space  required  by  the 

turbine.  Owing  to  the  low  speed  of  its 
piston  an  expansion  of  a  degree  ct^ual 
to  that  of  the  turbine  is  not  possible 
in  the  case  of  the  reciprocating  engine. 
Low  prossnre  steam  requires  cylinders 
of  such  a  large  si/.e  that  these  would 
spend  more  work  in  overcoming  the 
friction  at  a  certain  limit,  whicli  may 
be  assumed  to  exist  at  a  vacuum  of  from 
85  to  SN  per  cent.,  than  the  energy, 
wliii  li  ni.i\'  th(  on'ti<  allv  l)e  disposed  of 
and  which  is  due  to  an  increase  m  the 
expansion,  would  amount  to. 

\'erv  frc<]nfntly  it  hcc  onu  s  a  question 
as  to  what  degree  of  vacuum  is  tlie  most 
economical.  The  air-pumps  at  present 
in  u-r  ir-  >o  perfect  in  their  way  that 
the  po.>Mbility  is  given  of  obtaining  an 


e.\tr»'mely  high  vacuum.  In  onk-r  t«> 
improve  the  vacuum,  the  vohnne  of  the 
ctKtling  water  must  be  increased.  ».«•.,  if 
the  coohng  water  is  drawn  from  a 
cooling-tower,  the  latter  must  be 
cnlargcil.  The  costs,  well  as  thc 
amount  of  water  required  by  the 
circulating-pump  and  the  air-pump  are 
incn  a->i  <l,  also  the  costs  of  erecting  the 
c(x>hng-tower.  On  the  other  hand 
again,  the  output,  as  also  the  efficiency 
of  the  turbine,  an  iiii])i(i\t(l  by  an 
increase  in  the  vacuum.  The  most 
economical  vacuum  will  therefore  be 

found  at  that  stage  uhnc  it  becomes 
noticeable  that  any  further  increase  in 
the  costs  of  erection  exceeds  the  profit 
resulting  in  an  improvtm  nt  of  the 
energy.  I'ig-  2  illustrates  the  cur\'es 
of  thc  vacuum  to  be  obtained  at  the 
inlet  of  the  condenst  r  in  dependence 
of  the  quantity  of  cooling- water  and  its 
temperature. 

The  arrangement  of  the  rows  of 
blades  may  be  effected  in  two  essentially 
different  ways.  Hither  the  rims  of  the 
moving-blades  are  fitted  into  the  circum- 
ference of  a  drum  (Fig.  or  the  rows  of 
blades  are  lodged  into  single  sets  of 
wheels  which  are  separated  from  each 
other  by  diaphragms  (Fiu.  .})  l-'ach 
wlieel  accordingly   rotates  witliin  a 
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cliambtT  separated  frum  the  remaining 
parts  of  the  machine  by  the  diaphrafjms. 
The  fir«^t  a rran ferment  is  wljat  is  known 
as  the  Parsons'  drum  type;  the  latter 
is  the  prim  i))lt  of  the  impulse-turbine. 
Thv  (  oiisti ii«  tion  of  the  drum-turbines 
is  simpler  and  cheaper  than  that  of 
disc-turbines;  stil!  the  former  do  not 

advantageously  ailapt  themselves  t:» 
the  hi^h  pressure  ht^ld  of  the  steam, 
for  which  reason  they  are  rombinM 
with  impulse-turbines  and  are  built  as 
combination  disc  and  drum  turbines. 


consequence  of  the  high  rate  of  speed,  in 
particular  in  the  case  of  the  Curtis 

whirls.  The  drawbark  with  nsjx^ct 
to  the  reaction-turbines  is  a  loss  of 
steam  between  the  single  rows  of 
blades.  As  e.ich  single  mw  cf  blades 
merely  consumes  a  slight  portion  of 
the  total  drop  of  pressure,  a  large  num- 
ber of  rows  of  blades  is  reijvured  ;  the 
bearings  move  apart,  and  the  engine 
length  increases  considerably.  Seeing 
thai  the  specific  volume  of  steam  in  the 
high-pressure  part  is  slight,  the  length 


I.— VTIUMTIOM  or  STCAM  BXPAiiMU!!  IM  A  T0BBI9IB, 

EXCISiB, 

A  B  C  D  wnrfc  rflrrtrd  by  r\|>.iii-inn  up  to  aim«»phrrie  proiMire. 
A  B  F  I  work  «>(lrct«il  t>y  4  \|  ,<ii>ion  up  to  wji  lU  prt  sq.  inch. 


ABO  IN  A  BICinUMAftMC 


Both  the  simi)le  impulse  turbine  as 
well  as  the  simple  reaction-turbine  have 
their  disadvantages,  which  have  led  to 
their  combination.  In  tlu-  <  ax-  of  tlu' 
pure  impulse-turbine,  considerable  leak- 
ages arise  between  the  single  stages 
by  reason  cf  tlie  Iart,'r  diflt  ifm-rs  in 
the  pressure  between  them.  ln»r  the 
purpose  of  packing  up  the  single  stages 
m  an  improved  manner,  a  small  dianu  - 
ti-r  is  chosen  for  the  shaft  in  con- 
sequence of  w  hirh  a  greater  deflection 
of  the  shaft  takes  place.  Through  the 
(■Icaran(  r  thus  formed  larger  quantities 
of  steam  ll«)W.  \  further  part  of  the 
energy  is  lost  in  consequence  of  the 
Ktr.mi-frirtion  at  the  moving  wheels 
by  the  high  rate  of  speed,  owing  to 
steam  shock  and  the  formation  of 
eddie-.  H'vond  this  the  l)lades  are 
subjected  to  a  considerable  wear  in 


of  the  bl.ides  must  Ix'  made  very  small, 
in  conseipient f  of  which  the  proportion 
of  the  area  of  the  clearance  to  size  of 
the  blades  h<M omes  an  unfavourable 
one,  /.<•.,  the  leakage  ini  rea-i  s.  To 
reduce  this  loss  a  low  |>eripheral 
velocity  of  the  blades  is  i  Iiom  ti  for  the 
high-pressure  part ;  beycuid  ihi>,  blades 
of  a  considerable  le  gth  are  made  use  of 
in  order  to  imjirove  th*-  relation  of  the 
size  of  the  blades  to  the  area  of  the 
clearance,  in  consequence  of  which, 
however,  the  number  of  rows  of  blades 
and  sunultaneously,  the  engine  length 
are  catised  to  increase.  At  the  same 
time  the  diameters  of  the  (hum^  at  the 
high  pressure  side  are  made  a>  small 
as  possible.  A  clearance  which  is  too 
small  is  a^ain  fo]l(»weil  bv  the  dis- 
advantaj^e,  from  the  pt)int  of  view  of 
the  safety  of  working,  that  owing  to  the 
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varying  c.\pan>ion  of  the  dilterent  parts 
of  the  turbine  casing  and  the  rotor, 
these  beiiiL,'  niadr  of  various  kinds  of 
material,  a  touching  of  the  blade-rims 
against  the  casing  is  possible  and  the 
blades  may  Ix-  damaged.  It  follows 
that  a  middle  wa\  between  the  increase 
in  the  size  of  the  gap  and  the  economy 
of  the  steam  must  be  chosen. 


friction,  as  also  in  consequence  of 
shocks  and  eddies  at  the  inlet  and  outlet 

rdL,'f  of  the  bladrs,  is  K'ssoned.  Although 
the  number  of  parts  where  losses  occur 
in  the  case  of  Parsons'  turbines  is  very 
large,  the  distribution  of  the  losses  into 
numerous  stages  favourably  influences 
the  efficiency  ;  the  losses  due  to  friction 
and  tension  of  a  preceding  stage 


2.  VACVUM  10    «f    OBHIStll   AT    rHl    IMII    71H\S<H    OF    I  II  f    (.is|.|s-|H  1 
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In  the  reaction-turbine  the  moving 
wheels  ari-  siibjected  to  a  full  admission, 
so  that  only  a  small  diameter  is  re- 
quired for  the  wheels  in  the  high- 
pressure  part.  The  consequonce  of 
this  is  that  the  peripheral  velocity  of 
the  blades  and.  at  the  same  time,  the 
drop  of  heat  or  pressure  utilised  by  each 
row  of  blades  is  reduced. 

One  of  the  advantages  of  the  re- 
action turbine  is  the  extreme  simplicity 
of  the  construction,  consisting  only  of  a 
solid  drum,  into  which  the  blades  are 
fixed.  The  high  thermic  efficiency  of 
the  Parsons'  turbine  is  to  Ix*  traced  to 
a  sub-division  of  the  drop  of  heat  and 
pressure  into  numerous  stages.  The 
expansion  is  distributed  evt'nly  on  to 
the  guiding  and  mcning  parts  and  the 
flow  of  steam  is  ring-shap<*d  and  closed. 
By  these  means  the  losses  due  to  steam- 


adhere  to  the  steam  in  the  shape  of 

heat  and  take  part  in  the  working- 
process  of  the  succeeding  stage. 

The  use  of  blades  of  the  re-action  type 
is  of  advantage  as  l(»ng  as  the  length 
of  the  blade  as  well  as  the  strength 
of  the  ring-shaped  jet  of  steam,  which 
ischara<  t<  ri>tic  of  the  ri'-action  turbine, 
does  not  fall  below  a  certain  point.  In 
the  case  of  blades  of  too  short  a  length, 
the  efficiency  is  influenced  to  an 
unfavourable  degree,  and  that  botli  in 
consequence  of  leakage  as  also  because 
the  disturbing  influence  of  the  walls 
and  the  ends  of  the  blades  on  the  rd^;*^ 
of  the  ring-shaped  flow  of  steam  make 
themselves  felt  to  a  larger  <legree  than 
in  the  case  of  h\fi\\  blafles  and  a  pro- 
portionately thick  flow  of  steam.  It 
follows  that  the  smaller  the  v>>lume 
of     the    steam    flowing  through 
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the  turbine  within  a  given  period  of 
time,  the  smalleif  has  the  diameter  of 
the  drum  to  be.  It  is  thus  that  the 
number  of  stages  required  to  utilise 
the  total  drop  of  heat  i?  increased. 


zmmm  - 


^^^^^ 
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raiirciPLk. 

As  soon  as  the  required  number  of 
stages  increases  to  sir  h  an  extent  that 
the  apparatus  required  for  this  purpose 
is  in  no  proportion  to  tiie  profit  obtained, 
an  impulse  wheel  is  connected  in  front 
of  tlu'  hladrs  of  the  re-action 
which  prclerably  consists  of  a  number 
of  rows  of  buckets.  This  type  of  con- 
struction is  hcin,!^  adopted  at  present 
by  Parsons  himself.  In  llie  case  of  big 
aggregates  the  use  of  a  wheel  of  the 
impulse  type  is  done  away  with,  under 
certain  circumstances,  and  the  whole 
dit^  of  heat  is  distributed  in  two  turbine 
casmf,'S.  The  axial  tlirust  is  lialanccd 
by  the  balance-pistons  in  correspon- 
dence with  the  various  stages  of  the 
drum,  as  shown  by  Ki,  K2.  K3,  in 
Fig.  5.  The  balance-pistons  take  part 
in  the  rotary  movement,  and  they  are 
stopped  up  by  means  <»f  a  labyrinth- 
packing.  In  order  to  allow  the  balancc- 
pistons  to  obtain  a  complete  compensa- 
tion of  the  axial  pressure  under  all 
kinds  of  loads,  it  is  necessary  that 
the  same  pressure  act  on  the  pistons 
as  on  the  drums.  This  is  effected  1)\ 
means  of  compensating-pipings  Ki, 
R2,  K3. 


It  will  thus  be  seen  that  the  re- 
action-turbine is  eminently  adapted 

for  tlt(  low-pressure  field  of  the  steam, 
and  that  likewise  the  construction  is  a 
very  simple  one.  As  a  matter  of  fact, 
it  does  not  essentially  differ— as  far  as 
the  principle  is  concerned  from  the 
original  model  built  by  Parsons. 

The  chief  advantages  of  the  impulse- 
turbine  are  the  followim:  : — As  the 
number  of  rows  of  blades  required  is 
considerably  less  than  in  the  case  of  a 
re-action-turbine.  the  constniction 
length  is  shortened  considerably ;  no 
reduction  of  the  steam  takes  place  from 
the  inlet  to  the  outlet  edge  of  thc 
moving-blades,  so  that  no  unused  steam 
is  lost  m  them.  Tlie  clearances  between 
the  {iuide  and  the  moving  parts  may 
be  enlarged  as  a  result  of  which  the 
safety  of  working  is  increased.  Only 
Steam  of  a  comparati\  el\-  low  pressure 
and  temperature  is  allowed  to  enter  the 
casing  of  the  turbine,  since  a  ;,'ieat  deal 
of  the  drop  in  heat  is  ain  i<ly  con- 
verti-d  into  kinetic  enerjzv  in  tlie  admis- 
sion nu/.zles.  This  is  partnulaiiy  the 
case  with  respect  to  these  s\stems  of 
turbines  which  have  a  Curtis  wheel 
connected  with  their  high  pressure  part. 
The  stresses  on  the  material  which  are 
apt  to  arise  in  the  ca-^i-  of  hiijh  tem- 
peratures are  thus  avt)Kled.  Of  great 
importance  is  the  fact  that  a  putial 
admission  in  the  case  of  impulse  tur- 
bines makes  it  possible  to  use, 
in  the  first  stages,  wheels  of  approxi- 
mately the  same  diameter  as  in  the  low 
pressure  part.  In  the  case  of  a  partial 
admission,  the  guide  part  is  lodged  at 
only  a  section  of  the  total  circumference 
while  in  thc  case  of  a  complete  admis- 
sion the  guide  blades  are  lodged  on  the 
total  circumference.  A  partial  admis- 
sion is  only  possible  in  the  case  of 
impulse  turbines.  If,  for  example,  the 
l)ri  s>ure  at  both  sides  of  the  moving 
wheel  does  not  happen  to  be  the  same, 
then  the  compensation  of  the  pressure 
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might  bj  eiiily  effected  as  soon  as  the 
moving  blades  approach  those  parts  of 
the  diaphragm  winch  arc  not  supphrd 
with  guide- blades.  It  thus  follows  that 
at  the  inlet-side  of  the  moving  blades 
alternating  pressures  would  be  apt  to 
arise^  which  would  have  a  pulsating 
injuriotts  effect  on  the  moving  wheel 
and  would  give  rise  to  eddies  that  would 
consume  a  part  of  the  energy.  W  hile  it 
is  absolutely  necessary,  in  the  case  of 
complete  admission,  to  employ  short 
moving-blades  in  the  high -pressure 
part  which,  from  a  constructive  point 
of  view  is  a  great  ilisadvantage,  a  partial 
admission  permits  of  an  increase  in  the 
length  of  the  blades  and  a  reduction 
in  the  number  of  wheeb  in  proportion 


very  big  aggregates  is  tlie  bed-plate 
divided,  and  this  merely  to  faciutate 

either  the  casting  prf)cebs  or  the  trans- 
port. German  turbine-makers  till  the 
U-shaped  part  of  the  bed-plate  with 
l  enu  nt  in  order  to  improve  its  rigidity. 
The  bed-plate  is  only  maile  of  cast-iron. 
The  exhaust  branch  of  the  turbine  is 
firmly  screwed  together  with  the  bed- 
plate, while  the  governing  side  of  the 
casing  is  left  movable  in  guides.  The 
Ljungstrt^m-turbine  forms  an  excep- 
tion, which  in  consequence  of  its 
extraordinarily  light  weight,  may  be 
I'ldged  directly  on  the  condenser. 

Turbine  and  generator  together  are 
providetl  with  from  three^to  four  bear- 
ings.  As  a  rule,  it  may  be  assumed  that 


'  I'"'  '      f  ''■HI- 
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no.  S'— ■*i-*Kci)te  DBvicB  or  a  ■b-action  tvrbimb. 


as  the  output  of  the  turbine  increasis. 
As  furthermore  the  same  pressure  exists 
both  in  front  of,  as  also  at  the  back  of. 
the  moving  bhules  in  the  case  of  impulse 
turbinr>,  the  axial  thrust  is  done  away 
with,  so  that  no  balancing  devices  or 
collar-hi  arings  are  required.  Only  in 
the  case  of  overload  the  impulse  tur- 
bines will  work  with  a  slight  axial 
thrust,  but  this  nuTciy  requires  a  small 
collar  hearing  It)  balance  it,  which  serves 
alM)  to  adjust  the  rotor. 

The  turbine-casing  is  as  a  rule 
generally  made  of  cast-iron  and  divided 
horizontally  so  that  the  rotor  may 
easilv  be  examined.  Some  turbine- 
builders  make  use  of  an  undivided 
cover  of  cast  steel,  which  they  fit  on 
to  the  governing  side.  I'or  small 
turbmcs.  a  vertical  division  of  the 
casing  is  as  a  rule  selected. 

The  bed  plate  is  generally  made  of 
one  solid  piece,  and  only  in  the  case  of 


those  firms  which  construct  their  own 
generators  and  which,  consequently, 
combine  the  generators  with  the  tur- 
bine  in  their  own  works,  prefer  three 
bearings,  while  the  others  employ  four. 
The  bearings  employed  are  either 
spherical  hush  hearings  which  permit 
of  a  slight  adjustment  of  the  rotor, 
slee\e  bearings  of  the  Parsons  type, 
wliirh  hkewise  are  automatically 
adjustable,  or  simple  journal  bearings. 
The  bearings  of  tne  reaction-turbines 
are  screwed  together  with  the  bed- 
plate in  order  to  prevent  the  heating 
of  the  turbine-casing  being  transmitted 
to  them.  In  the  case  of  imjiul'^e- 
turbines  an  extreme  heating  of  the 
turbine-casing  need  as  a  rule  not 
be  feared,  for  which  reason  the  bear- 
ings may  be  fitted  directly  to  the 
shoulders  of  the  turbine-covers.  The 
sleeve  bearings  of  the  Parsons  type 
are  employed  in  the  U.S.A.  by  firms 
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erecting  reaction-turbines,  while  they 
are  gradually  goinji  out  of  use  in 
Europe  sinro  they  have  Ix'cn  proved 
to  possrs->  various  disadvantages.  In 
particular  m  the  event  of  an  instiffici- 
cnt  supply  of  oil  a  danpernus  beating 
of  the  >iii!;le  sleeves  may  arise. 

The  St  ufhng- boxes  are  provided 
with  labyrinth-packinit:.  graphite-car- 
bon-packing, or  even  water-packing. 
In  Europe,  it  appears,  the  water- 
packini,'  is  only  made  use  of  by  tlie 
British  Westinghouse  Electric  and 
Manufacttiring  Co.,  Ltd.,  by  Peter 
Brotherhood,  I  til.,  and  by  Dujardin 
and  Cie.  ;  the  British  WestinghouseCo. 
has  adopted  this  manner  of  construc- 
tion from  the  American  Westinghouse 
concern  with  which  it  is  affiliated. 
In  the  U.S.A.  all  the  concerns  which 
con^tnut  turbine*;  of  the  Parsons 
type,  make  use  of  water-packing. 
The  drawback  connected  with  this 
last  is  that  it  cools  tlie  adjoining 
walls  of  the  turbine  casing  and  thus 
gives  rise  to  condensation.  In  most  of 
the  reaction-turbines  labyrinth  pack- 
ing is  iised.  while  the  impulse  turbines 
and  the  combined  turbines  are  gener- 
ally provided  with  a  graphite-carbon 
pa'^kinc. 

As  a  suitable  material  for  the  blades 
of  the  reaction  type,  brass  or  cop- 
per is  em{ili>yrd.  The  Westinghouse 
Macliine  Company.  Messrs.  Melms  and 
Pfenninger,  as  also  the  Erste  Briinner 
Maschinenfabrik  make  use  of  blades 
which  are  made  of  a  special  grade 
of  bronze.  The  blades  of  the  impulse 
type  are  manufactured  of  nickel-steel, 
or,  if  this  be  required,  of  brass.  A 
noteworthy  fact  is  that  the  nickel' 
steel  must  contain  a  low  percentage 
of  nickel,  as  it  would  otherwise  become 
brittle  after  some  use  and  Rive  rise 
to  dama.Liiiii;  of  the  blades.  I'nr  the 
Curtis-wheels,  blades  consisting  of  an 
alloy  of  bronze  and  nickel  or  an  alloy 
of  copper  and  nickel  are  made  use  of. 
The  blades  of  the  reaction  types  are 
alwavs  united  in  segments,  and  thus 
fitted  into  the  turbine.  Sometimes 
cv<'n  the  guide-blades  of  the  velocity- 
stages,  in  the  case  of  the  impulse- 
turbines,  are  manufactured  in  seg- 
mt'iits.  The  manufacture  of  segments 
can  Like  place  in  various  ways.  Accord- 


ing to  the  method  introduced  by  C.  A. 
Parsons  in  iyo7-i()(KS  the  root  of  the 
blade  and  the  distance  piece  are 
provided  with  a  bore  through  which  a 
brass  wire  is  drawn.  This  brass- wire 
may  hv  siibstittited  likewise  by  a  I'- 
shaped  pipe  or  strip  of  metal.  U'illans 
and  Robinson  put  the  stamped  blades 
in  corresponding  sli»ts  of  the  founda- 
tion-ring, which  consists  of  drawn 
brass.  The  blade-ends  are  riveted 
together  with  a  shroud-ring,  having  a 
U-shaped  cross  section.  The  segments 
are  caulked  together  with  a  key- 
piece  into  dovetailed  slots.  The  Brush 
Electrical  Engineering  Co.  places  the 
segments  into  grooved  slots,  after 
which  the  soft  metal  distance  picces 
are  caulked  into  the  slots. 

The  impulse-blades  are  always 
lodged  in  dovetailed-sints.  In  order  to 
enable  them  to  resist  to  an  improved 
degree  the  centrifugal  forces  which  are 
apt  to  arise,  the  lateral  faces  of  the 
slots  are  grwved,  as  in  the  case  of  the 
Tosi-turbine.  The  Rateau  turbines 
have  a  type  (A  blades  according  to 
which  the  blade  and  tlie  distance 
piece  consist  of  one  part,  and  are  fixed 
on  tti  the  outer  circumference  of  the 
wIuh  I.  with  which  they  are  riveted. 

The  admission  nozzles  are  always 
united  in  segments  of  broive  or  cast- 
iron,  and  are  either  screwi'd  dire(  tly  to 
the  turbine-casing  or  arc  lodged  in  a 
special  nozzle  chamber,  in  order  to 
protect  the  turbine-casing  against  the 
temperature  arising  from  the  live 
steam.  The  nozzles  lodged  in  the 
diaphragms  (in  the  case  of  the  inipnl-^e 
turbines)  are  cither  made  ol  nickel 
steel  and  are  cast  straightway  in  a 
cast  iron  rim,  or  they  are  united  into 
segments  and  are  screwed  on  to  the 
diaphragms.  In  the  latter  case  they 
are  mostly  manufactured  of  bronze. 
It  is  after  the  lirst-named  methixl  that 
the  Zoelly-turbines  are  built,  while 
the  Rateau  turbines  are  constructed 
after  the  second. 

The  diaphragms  are  generally 
divided,  and  are  manufactured  of  cast-- 
iron. Only  in  the  case  of  marine 
turbines  they  are  sometunes  made  in 
one  solid  piece  in  order  to  give  them 
more  strength,  in  which  case  they  are 
furthermore  made  of  cast  steel.  The 
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diaphragms  are  divided  lor  the  purpose 
of  preventing  the  whde  turbine  being 
dismantled  in  the  case  of  nozzle 

damage. 

The  drums  of  the  reaction  turbines 
are  generally  hamnuTid  out  of  Sie- 
mens Martin  steel,  and  only  in  verv 
rare  cases  are  they  cast.  The  shaft 
journal  on  the  high  pressure  side  is 
made  of  one  piece  with  the  drvnn. 
while  it  is  flanged  on  the  low  pr<  >siirc 
side,  and  both  shaft-journals  ar<  ^olid. 
Sometimes  both  journals  are  likewise 
pressed  into  the  drum.  In  order  t<j 
prevent  a  loosening  in  ctmsetjuence 
of  a  varied  licatiiiL,'.  Hrown-Boveri 
make  use  of  a  bayonet-joint.  I'or  the 
very  same  reason  the  drum  is  also 
heated  by  a  small  <]uantitv  of  steam 
within.  The  Allis-Chahners  Co.,  and 
the  Westinghouse  Machine  Co.  makes 
use  of  a  >-mooth  drum,  on  to  whii  h  tlie 
cast-steel  blade  rings  arc  slirunk. 
these  being  renewable.  The  Melms- 
Pffennini^er  turliines  are  f,'enerallv  pro- 
vided with  forged-iron  drums,  which 
are  either  rivetted  together  cold  with 
the  mov  in;^  wheel  and  the  labyrinth, 
or  screwed  together. 

The  balance-pistons  of  the  reaction- 
turbines  are  fitted  with  a  labyrinth- 
packing,  and,  according  to  the  arrange- 
ment introduced  by  I'arsons,  are 
lodged  at  the  governing  side.  The 
thrust  collars  are  turnetl  on  t>>  the 
piston,  while  the  labyrinth  rings m  the 
casing,  which  are  manuf  u  tural  either 
out  of  brass  or  nickel  steel  accorduiL; 
to  the  steam  conditions,  are  caulked 
into  rectangular  slots.  In  the  ca?e 
of  the  Allis-Chalmers  turbine,  two 
balance  pistons  are  lodged  at  the  high- 
pressure  side,  while  the  third  is  fitted 
into  the  low-pressure  side.  The  latter 
is  much  narrower  than  the  correspond- 
ing piston  of  the  Parsons'  turbine, 
but  nevertheless,  offers  the  same 
efhcient  surface  as  the  other.  The 
space  at  the  back  of  this  piston  is 
conn<  cted  for  the  purpose  of  balancing 
with  the  steam  space  of  the  third  stage. 
The  balance  piping  between  the  high- 
pressure  end  .md  the  low-pressure  end 
is  not  required  at  all  in  this  case.  In 
the  case  of  the  Melms-Pfenninger 
turbine  the  balancing  of  the  a.xial 
pressure  is  defected  in  a  most  original 


manner.  Hie  annular  chamber  be- 
tween the  high-pressure  part  and  the 
low-pressure  part  in  the  case  of  this 
turbme  is  constructed  in  such  a  manner 
that  the  steam  pressure  charging  upon 
it  compensates  for  the  axial  thniSt  of 
the  reaction  blades.  In  the  case  of 
the  Brown-Boveri-Parsons  turbine  the 
balance-piston  of  the  low  pressure  part 
is  hxlged  at  the  low  pressure  sidi-  for 
the  sake  of  synunelrical  construction 
of  the  turbine-casing.  For  the  pUT- 
pos«'  of  balancing  the  a.xial  pressure, 
the  Tosi-turbine  is  provided  with  a 
forced  oil  pist<m,  which  adjusts  itself 
autoinatit-all\-,  according  to  the  thrust 
which  happens  to  exist  at  the  time. 

The  governing  of  the  Parsons'  tiM> 
bini'  is  geniTally  effected  by  means  of 
a  sieam  relay,  which  is  under  the 
control  of  the  centrifugal  regulator 
and  which  actuates  the  balanced 
double  beat  throttling  valve.  Of  late, 
many  concerns  building  reaction  tur- 
bines are  beginning  to  introduce  oil 
relay  governing  in  view  of  the  fact  that 
in  steam  relay  governing,  the  same  is 
dependei  the  existing  steam  pres- 
sure, l  iie  actuating  of  the  governing 
valve  directly  by  means  of  the  centri- 
fugal governor  without  employing  a 
relay  has  been  gradually  given  up 
by  U.S..\.  manufacturers,  while  Messrs. 
Willans  and  Robinson  are  probably  the 
only  ones  in  Europe  still  making  use 
of  this  method.  Its  great  advanta^ 
is  its  simplicity,  although  the  centri- 
fugal governor  ha>i  to  overcome  the 
resistance  created  by  the  connecting 
rods  and  the  governing  valve,  which 
may  act  adversely  on  its  sensitiveness. 
The  advantage  of  employing  forced  oil 
for  the  purpose  of  governing  is  that 
the  supply  of  live  steam  to  tlie  turbine 
is  automatically  siiut  off  as  soon  as  the 
oil-pump,  for  some  reason  or  other, 
ceases  to  work  ;  that  it  ajipears 
impossible  for  the  bearings  to  run  hot. 
In  the  case  of  the  steam-relay  govern- 
ing, according  to  the  Parsons'  s\stem. 
and  even  in  the  case  of  some  oil  relay 
governing  systems,  the  supply  of  steam 
to  the  turbines  is  caused  to  take  place 
in  a  pulsating  manner,  in  consequence 
of  which  the  sensitiveness  of  the 
k'ON-eming  is  considerably  increased. 
In  Europe  the  governing  is  generally 
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cflVcttHl  by  throttlitifj  the  steam.  The 
British  Thoms<m-Ht)uston  Company, 
and  the  1-Vcnch  Company  affiliated 
with  it.  the  Compa^nie  Franc.'-aise 
I  homson- Houston.  Ixjth  of  which  con- 
struct Curtis  turbines,  have  adopted 
the  automatic  no/zle-gowriiinj:. 
originated  by  the  (ieneral  Electric 
Company.  Combined  throttMn^  and 
nozzle  governing  is  further  used  by 
the  Herrmann  Klectricity  Works,  Ltd', 
and  the  Machine  Works  .\ufisburf,'- 
Xuremberf,'.  Ltd.  (Man  ).  In  the  I'.S  .A. 
it  is  the  General  Klectric  Company 
which  exclusively  constructs  turlMUi's 
having  aut(miatic  nozzle  govi-rnint;, 
while  the  Allis  Chalmers  Company  and 
the  Westinghouse  Machine  Company 
have  retained  throttling  governing. 

In  the  c<mstruction  of  small  turbines 
cheap  costs  of  construction  are  primarily 
considered,  and  the  (]uestion  of 
economical  working  plays  but  a  second- 
ary role.  It  naturally  follows  that 
the  steam  consumption  in  the  case  of 
small  turbines  is  fairly  large.  It  is 
also  for  this  reason  that  the  small 
turbine  has  been  tlevelojied  to  a  far 
higher  degree  in  the  I'.S  .A.  than  in 
Europe,  where,  owing  to  the  keen 
competition,  the  question  of  economy 
plays  an   imjM)rtant   part.    For  the 


main  part  two  types  of  small  turbines 
may  be  distinguished  from  each  other. 
The  non-condensing  turbine,  having 
an  axial  admissi(m.  and  consisting  of  a 
Curtis  wheel,  with  several  rows  of 
buckets,  the  steam  in  the  admission 
n(»zzlrs  being  reduretl  almost  tlown  to 
the  exhaust  prosure.  and  the  type 
having  radial  admission,  where  the  same 
mo\ing  wheel  is  subjected  to  a  re- 
peated admission  by  the  How  of  steam 
and  which  likewise  works  as  a  non- 
condensing  turbine. 

The  construction  of  these  turbine>i 
is  extremely  simple,  the  centrifugal 
governor  directlv  controlling  the  throt- 
tling valve  ,  in  the  case  of  some  tur- 
bines the  emergency  governor  is  done 
away  with.  Bronze.  bra>s  and  steel 
are  used  as  material  for  the  blades. 
The  stutfing-lx>xes  are  provided  either 
with  a  ring  lubrication  or  metal- 
packing,  rarely  graphite-carbon  rings. 
All  the  small  turbines  work  on  the 
impulse  principle. 

Part  II.  of  this  article  will  deal  with 
the  turbines  of  the  principal  British 
makers,  while  future  issues  will  con- 
tain descriptions  of  turbine  practice 
in  other  countries  of  Europe,  and  in 
the  I'nited  States. 


THE  N£W  LONG  RANGE  TORPEDOES 


THBIR  INFLUENCE  ON   NAVAL  TACTICS 

Bf  a  Naval  Captain 


THE  automatic  tor{K'(lc»  in  outward 
appearamx"  resembles  a  cigar, 
measuring  about  6  yards  in 
length  and  iS  in.  in  diamctrr.  Its 
body,  made  cntircl)^  of  steel,  is  com- 
posed of  four  parts  inter-connected  by 
means  of  screws  :— 

1.  The  front  part  (constituting  about 
^th  of  the  total  length)  is  of  conical 
&ape.  It  is  here  tnat  the  explosive 
charge  is  situated,  as  well  as  the  per- 
cussion mechanism  for  causing  the 
explosion  at  the  moment  of  impact. 

2.  The  air  chamber  composed  of  a 
cylinder,  in  which  is  ston-d  compressed 
air  to  work  the  propelHng  en^ne,  as 
■well  as  various  mechanic  al  parts 

3.  The  compartment  containing  the 
engine  and  the  regulators.  The  engine 
consists  of  a  motor  of  the  4-cyIinder 
Brotherhood  type,  worked  by  com- 
pressed air.  The  function  of  the  regu- 
lating apparatus,  is  to  ensure  the 
starting  of  the  torpedo  at  the  moment 
of  firing,  the  regularity  of  the  speed 
and  the  depth  of  immersion  during  the 
journey  and  finally  an  absolutely 
rectilinear  trajectory. 

4.  The  hind  part,  shaped  like  an 
obtuse  cone,  is  traverscHl  longitudinally 
by  two  driving  shafts,  one  of  which  is 
placed  inside  the  other.  Tiicy  are 
connected  at  the  front  end  to  the 
cranks  of  the  engine,  which  communi- 
cates to  them,  by  means  of  gearing, 
rotary  movement  in  opptisite  direc- 
tions. At  the  rear  end  they  each 
cany  a  screw  with  inverse  pitch  for 
propelling  the  torpedo. 

The  screws  are  surroundi'd  bv  a  kind 
of  cage  (formt*d  of  two  franus.  one 
vertical  and  the  other  liorizontal) 
called  the  "  tail,"  which  supports  the 
rudders,  the  functions  of  which  are  to 
regulate  the  direction  of  run  hori- 


zontally and  vertically.  The  rudders 
receive,  by  means  of  steel  transmission 
rods,  the  requisite  movements  com- 
municated to  them  by  the  controlling 
regulators. 

Historical  Survey  of  the  Develop- 
ment OK  THE  Torpedo. 

The  torpedo,  invented  by  the 
celebrated  engineer,  Whitehead,  in 
the  year  1868.  was  used  for  the  first 
time  on  active  service  during  the  war 
of  1.S77  between  Clnli  ami  Peru.  Its 
speed  at  that  time  was  not  more  than 
from  6  to  10  knots.  Its  maximum 
range  was  only  about  200  yards. 
Its  diameter  was  i  >,  inches,  and  it 
carried  an  explosive  cliari,'e  of  2*t\  lb. 
In  succeeding  types  it  was  the  speed 
that  was  at  nrst  developed,  this  being 
the  most  important  fart:ir  from  the 
point  of  view  of  the  chances  of  hitting 
a  moving  target.  Then,  in  view  of 
file  increasing  strentrth  of  the  hulls 
of  large  warships  and  of  their  equip- 
ment with  water-tight  compartments, 
it  was  n«c(ssnrv  to  increa:^e  the  r.\ 
plosive  charge  in  order  to  augment  the 
intensity  of  its  destructive  effects. 
Finally,  the  progress  of  (juick-firing 
artillery  rendering  it  more  difficult 
for  torpedo  boats  to  approach  their 
adversary,  the  next  step  was  to  in- 
crease the  range. 

These  various  conditions  led,  first 
of  all,  t'l  the  adoption  of  larger  and 
larger  i  alil)res,  but,  in  this  connection, 
the  (piesiion  of  weight  intcr\*ened, 
it  was  necessary  that  the  torpedo 
>li<)\ild  be  capable  of  easy  handling 
on  lioard  ship.  It  was  next  towards 
a  more  efficient  use  of  compressed  air 
that  inventors  directed  their  eitorts. 
It  is  to  the  collLCtive  results  of  all 
these  developments  that  we  owe  the 
progress  made  mjorpedo  manufacture. 
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In  lSN()  tlu'  results  so  far  obtaint-d 
wvro  as  follows : — Sptrd  22  knots, 
rhar^o  165  lb.,  ran^jt-  i/)5()  yards, 
calibre  15  imlirs,  and  weight  n  )o  lb. 
This  was  an  ajipreeiablc  advance  on 
prercdinji  types.  The  ii>i)2  typo 
showeil  an  advance  in  sjx'ed  of  only 
2  or  _^  knots,  bnt  the  charge  had  ri-^en 
to  2<)f>  lb.,  and  the  range  to  2.2«k» 
vards.  These  results  were  obtained 
by  a  notable  incn-ase  in  calibre,  which 
rose  to  17;  inches,  a  figure  which  was 
not  e.\ceede<l  for  a  considerable  time. 
The  it>o()  lyp*'  inaugurates  a  new  era. 
which  confers  on  the  torp<do  a  rele 
which  will  rival  that  of  the  gun  ;  its 


general  action,  the  opposing  ship> 
might  close  in  to  such  a  distance  as 
to  all<nv  of  a  torjx'do  being  fired  with 
a  chance  of  hitting  its  target.  After 
this  came  the  submarine,  of  whicli 
the  torpedo  was  the  only  wea|x)n 
and  the  only  raison  d'etre,  though  the 
latest  ty|X's  are  being  fitted  with 
small  quick- liring  guns.  Fach  of  these 
tlifferent  tvjH*s  of  vessels  had  to  be 
fitted  with  launching  apparatus  of  a 
different  type. 

On  board  the  torpedo  boat  the  tor- 
pedo can  be  launched  in  two  ways, 
either  by  means  of  a  tube  placed  for- 
ward, in  the  interior  of  the  hull,  and 
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Speed  is  40  knots,  its  charge  220  lb., 
and  its  range  j.jSo  yards,  fhe  calibre 
has  not  changed,  but  the  increase  in 
the  length  of  the  air  chamber  and  the 
introduction  of  new  internal  mechan- 
isms have  increased  its  weight  to  1,430 
lb.  At  the  |)resent  moment  the  1912 
type  is  being  listed  in  different  coun- 
tries with  a  calibre  of  either  iS  or 
21  inches.  The  trials  carried  out  lead 
us  to  suppose  that  the  maximimi  speed 
will  be  from  45  to  4.S  knots,  antl  that 
the  range  will  be  at  least  (),(mm>  yards. 
The  weiglit,  however,  will  be  I.cjNo  |b., 
which  will  limit  the  carriage  of  this 
wea^>on  to  vessels  of  considerable 
tonnage. 

L.\l  NCHIN(.  .APP.^RATI  S. 

The  torpedit  was.  at  the  very  begin- 
ning, exclusively  the  w«-aj>on  of  the 
torpedo  boat.  Then  it  was  provided 
on  board  large  vessels,  as  it  was 
considered  that,  in  the  cour>e  of  a 


allowing  the  torp<.'do  to  escape  through 
a  door  opening  in  the  stem  (whence 
its  name  of  "  stem  "  tube  or  "  fixed 
tube,"  its  position  remaining  unvaried 
in  the  direction  of  the  longitutlinal 
axis  of  the  vessel),  or  by  means  of 
movable  tubes  placed  on  deck  and 
capable  of  being  trained  to  port  or 
starboard  at  the  requisite  angles. 
These  tubes  are  composed  of  a  steel 
botly  practically  constituting  a  gun 
barrel.  The  torjx'do  is  introduced  into 
this  barrel  and  helil  in  position  l>y 
means  of  bolts  and  brakes.  A  T-shaped 
stud  on  th<'  top  of  the  torpedo  slith-s  in 
a  groove  pro\  ided  in  the  upper  part  of 
the  tube  and  serves  to  guide  it.  A 
screwed  breirh-cUxjr  closes  the  tube. 
.Against  the  inside  of  the  door  there  is  a 
cartriilge  containing  powder,  which, 
wlien  hred  by  a  firing  pin  impinging 
on  a  detonating  tube,  propels  the 
torpedo  from  the  tidx-.     The  tulx*  is 
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prolonfiod  toward?;  the  front  by  a  kind 
of  inverted  gutter  known  as  the 
"  spoon  "  whicli  holds  the  torpedo 
by  its  T-stud  until  tlie  moment  at 
which  the  screws  arc  clear  of  the  outer 
opening'  of  the  tube. 

On  hoHr(i  battleships,  the  arrange- 
ment is  quite  different.  In  a  hirge 
compartment  situated  beneith  the 
main  armoured  deck  there  are  f^rouped 
on  each  side  of  the  vessi-l  two  or  four 
tubes  which  terminate  on  the  outside 
of  the  hull  at  a  certain  distance  bi'Iow 
the  armoured  belt.  These  tulies, 
known  as  "  submerj,'ed  tubes,"  are 
closed  at  the  outer  end  by  a  powerful 
sluice  valve  which  prevents  the  water 
from  entering.  At  the  other  end  there 
is  a  breech-door  whicli  is  likewise  water- 
ti'^ht.    A   spacious   compressed  air- 


chamber  is  built  on  to  each  tulx'.  The 
torpedoes  arc  introduced  into  the  tubes 
and  the  breech-doors  are  screwed  fast. 
The  compressed  air  of  the  chamber  is 
then  made  to  work  a  pist«)n  which 
pushes  to  the  outside  of  the  vessel  a 
"  spoon  "  (»f  a  special  shape.  Prolong- 
inii  the  tube,  not  o  i  the  top,  as  in  the 
case  of  the  torpedo-boat,  but  at  the 
side  turned  Imcards  the  irssel's  fi.ihi, 
this  "  spoon  "  forms  a  screen  to  protect 
the  torpedo,  while  it  is  issuing  from 
the  tube,  from  the  action  of  the  swirl 
of  water  which  is  prorluced  bv  the  speed 
of  the  vessel,  and  which  would  drive 
the  t<»rpedo  towanls  the  stern. 

As  soon  as  thi'  sp<i;>n  is  in  position, 
the  sluice  is  o}x;ned  and  communication 
established  between  the  tube  and  the 
water.    To  effect  the  launching  o|x.'ra- 
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tion,  a  jet  of  compressed  air  is  intro- 
duced into  the  tube  behind  the  torpedo, 
which  is  thus  drivi-n  outwards.  As 
*oon  as  it  is  clear  of  the  tulx?  the  water 
flows  in  and  tills  it.  The  water  sluice 
is  then  closed  and  a  valve  opened, 
which  allows  the  tube  to  be  immediately 
emptied  and  i)repared  again  reatly  for  a 
fresh  charge.  The  spCM.»n  is  withdrawn, 
as  soon  as  the  torjx*do  lias  Ix-en  liretl. 
Efforts  are  at  present  beinj^  made,  par- 
ticularly in  (iermany,  to  sliorten  as  far 
as  possible  the  time  ret|uired  for  loadiiif^ 
the  tubr  to  allow  of  torpedoes  beinf^ 
hred   at  e.xtremely  close  intervals. 

Submarines  employ  either  a  stem 
tube,  fi.ved  in  the  same  way  as  that  on 
board  torpedo  boats  (but  arranf^t-d 
with  a  vii-w  to  under-wadr  tiring, 
on  the  same  priiu  iple  as  the  submergetl 
tubes  of  large  vessels)  or  apj)aratus 
installed  on  ileck  and  consisting  of  a 
simple  framework  arranged  for  certain 
training  movements,  which  can  be 
effected  from  the  inside  of  the  vi-ssel. 
The  firing  operation  is  eflectetl  by 
releasing  a  mechanism  that  opens 
direct  the  valve  for  starting  the  torpedo, 
which  shoots  from  its  framework  tube 
of^its  own  impulse. 

\VoKKIN<;  OF  THF.  ToRPFDO. 

On  issuing  from  the  tube,  the  torpedo 


throws  over  a  lever  projecting  above  it, 
and  this  lever  opens  a  valve  which 
establishes  communication  between  the 
compressed  air  chamber  and  the  pro- 
pelling apparatus.  The  engine  starts 
working,  tlie  screws  forthwith  begin)  to 
revolve  and  the  torpedo  gets  up  its 
speed. 

It  has  now  to  tra\el  under  water 
at  a  determinate  depth,  in  order  to 
strike  the  hull  of  the  hostile  vessel 
sufficiently  low  down  to  ensure  the 
explosion  producing  its  ma.\imum  effect 
and  yet  not  so  far  below  the  water  line 
as  to  glance  on  the  tapering  part  of 
the  vessel's  bottom. 

The  depth  of  immersion  is  generally 
about  3i  yards.  It  is  on  an  ingenious 
apparatus  known  as  the  "  immersion 
regulator  "  that  devolves  the  function 
of  keeping  the  torpedo  at  this  depth. 
This  apparatus  consists  of  a  piston, 
oneof  whose  faces  is  in  contact  with  the 
sea  through  the  inti>rmediar\  of  an 
elastic  membrane,  while  the  other  face 
rests  on  a  spring,  the  tension  of  which 
has  been  previuush-  regulatetl  to  corres- 
pond to  the  pressure-  of  the  water  at  the 
retjuired  depth 

If  the  torpedo  sinks  Uyo  far,  the 
water  pressure  increases  and  tends  to 
drive  the  piston  back  again  into  the 
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interior  of  the  torpedo.  This  piston, 
in  its  rearward  movement,  works  a  rod 
which  transmits,  by  means  of  various 
multiplyini^  devices,  a  Hftinj^  movement 
to  the  horizontal  rudders  fixed  at  the 
rear  end  of  the  tor|xdo.  I'nder  the 
influence  of  these  ruddirs  tlie  torpedo 
rises.  Should  it  rise  too  far,  the  inside 
spring  pushes  the  pist«jn  outwards  (the 
pressure  of  the  water  beint^  less  tlian 
that  for  wJiich  it  lias  been  set)  and  the 
rudders  are  made  to  work  in  the  con- 
trary direction.  The  torpi-do  plunges 
again  and  after  a  few  oscillations  in  the 
vertical  plane,  it  assumes  its  delinite 
depth  of  immersion,  which  it  thence- 
forth maintains. 

To  diminish  the  range  of  these 
oscillations,  a  heavy  jx-ndulum  is 
provitled  to  complete  the  mechanism. 
When  the  head  of  the  torpeilo  com- 
mences to  ri^e  or  tends  to  plunge,  the 
pendulum  likewise  acts,  by  its  inertia, 
in  the  ropiisite  direction  on  the  rod 
which  serves  to  operate  the  depth- 
regulating   rudders.    The  undulatory 


movement  of  the  torpedo  in  the 
vertical  direction  is  thereby  rapidly 
neutraliseil. 

It  is  also  essential  that  it  should 
maintain  an  absolutely  rectilinear  tra- 
jectory in  the  horizontal  plane,  in  order 
to  strike  the  point  aimed  at.  This 
rt'lr  devolves  on  its  self-directing  gvros- 
copic  mechanism,  the  principle  «>f 
which  is  analogous  to  that  of  the  well- 
known  toy,  the  gyroscopic  top. 

The  torpedo  must  maintain  a  uniform 
speed  throughout  the  whole  of  its  run. 
To  attain  this  end.  the  air  passes, 
on  issuing  from  the  chamber  and  prior 
to  Ix'ing  led  to  the  engine,  through  a 
"  pressure  regulator  "  which  automati- 
cally regulates  it  Ut  a  uniform  pressure. 

>Ioilern  torpedoes  are  eepiippetl  with 
an  air  heater,  a  tlevice  which  c()nstitute> 
the  main  caus<'  of  all  the  progress 
recently  made.  Its  method  of  working 
is  as  follows  : — .\t  the  mt)ment  of 
starting  and  after  the  screws  have  made 
a  certain  number  of  revolutions,  a 
sjx'cial    mechanism    is  automatically 
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released  under  the  influence  of  the 
torpedo's  for\vur(i  movement.  This 
mechanism  works  a  firing  pin  which 
strikes  a  cartrid{,'e.  This  cartriil^e  is 
ignited  and  deflagrates.  The  flame 
produced  burns  in  a  special  appa- 
ratus into  which,  on  the  one  hand,  an 
air  pipe  injects  sf)mp  kind  of  fuel 
(ethyl    alcohol,    benzine,    petrol,  or 


attendant  on  the  injection  of  fresh 
water  is  that  it  lowers  the  temperature 
in  the  en.uine  cylinders  to  2<k)'  ;  the 
ener;^y  of  expansion  is  m<»re  than 
doubled,  a  fact  which  re>ults  in  a 
notable  incri'ase  in  speed  This  savini^ 
in  the  consumption  of  compressed  air 
enables  the  torjK-do  to  cover  twice  os 
\ox^^  a  distance  with  the  same  air  supply. 
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"  thermite  ")  while,  on  the  other  hand, 
an  injector  feeds  into  it  fresh  water  con- 
tained in  a  tank  placed  on  the  inside 
of  the  rear  cone  of  the  torpedo. 

The  compressed  air  on  its  way  from 
the  air  chamber  to  the  engine  traverses 
this  apparatus,  beconn's  heated  to 
joo°   and   expands.    The  advantage 


At  the  nose  of  the  torpedo  is  a  small 
screw,  which  set  in  motion  by  its 
speed,  releases  a  tiring  pin,  this  pin  is 
previously  locked,  in  t)rder  to  prevent 
any  premature  explosion  in  the  event 
of  the  torpedo  receiving  an  accidental 
shock  prior  to  its  being  fired.  Hence- 
forth the  firing  pin  is  cocked  and  tpe 
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slightest  shock  of  the  point  against 
the  hull  of  the  hostile  ship  will 
throw  it  backwards ;  it  then  strikes 
a  primer  which  brings  about  the 
explosion  of  the  whole  charge,  com- 
posed of  gun  cotton  or  any  other 
powerful  explosive. 

This  explosion  causes  an  outward 
surging  of  the  water  all  round  the 
point  of  impact,  under  the  enormous 
pressure  due  to  the  expansion  of  the 
gases,  this  causing  the  physical  phe- 
nomenon known  as  the  hydraulic 
ram.  The  water  thus  displaced  returns 
with  equal  violence,  and,  after  the 
manner  of  a  ram,  shatters  the  hull  by 
widening  the  breech. 

Some  of  the  breaches  produced  by 
torpedoes  on  various  vessels  (war 
between  Chili  and  Peru  and  Russo- 
Japanese  war)  measured  from  17  to  21 
square  yards. 

The  problem  of  the  method  of 
defence  to  be  adopted  against  this 
action  of  the  torpedo  has  not  yet  been 
solved.  Vessels  riding  at  anchor  may 
protect  themselves  against  it  by  sur- 
rounding themselves  with  Bullivant 
nets  with  steel  meshes,  rigged  out  at  a 


few  yards  from  the  side  by  means  of 
booms.  The  idea  is  to  catch  the 
torpedo  in  the  net,  but  sometimes  it 
cuts  through  the  latter  with  a  special 
mechanism  known  as  a  "  net-cutter." 
which  it  may  be  equipped  with.  W  hen 
at  sea,  however,  nets  hamper  the 
speed  of  the  vessel  too  much  to  be 
adopted.  Various  systems  of  bulk- 
heads and  division  of  battleships  into 
compartments  have  been  tried,  though 
so  far  their  efficacy  is  still  very  uncertain. 

When  it  is  desired  to  fire  a  torpedo  at 
a  vessel  riding  at  anchor,  the  operation 
consists  in  approaching  to  a  suitable 
distance,  and  in  manoeuvring  in  such 
a  way  as  to  launch  the  torpedo  as 
nearly  as  possible  perpendicular  to  the 
lie  of  the  hostile  ship,  while  aiming  at 
the  centre  of  its  hull. 

When  the  target  is  a  moving  one, 
the  problem  becomes  more  delicate,  as 
three  factors  have  to  be  taken  into 
account,  namely  the  line  of  route  fol- 
lowed by  the  target,  its  speed  and  the 
distance  which  the  torpedo  will  have  to 
traverse  in  order  to  strike  it.  On 
the  accuracy  of  all  these  calculations 
success  depends. 
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When  a  torpido  boat  perceives  a 
battleship,  jt  manoeuvres  to  follow  a 
line  of  route  parallel  to  that  of  the 
enemy,  and  in  the  contrary  direction. 
It  endeavours  to  pass  at  a  distance 
from  the  target  appreciably  less  than 
that  which  its  torpedo  can  cover. 
At  the  moment  ot  tiring  its  projectile, 
its  position  is  such  that  the  period 
during  which  the  hattleshii>  will  be 
moving  onwards  prior  to  being  struck 
is  equal  to  that  required  by  the  torpedo 
to  reach  its  target.  Tlie  importance 
attaching  to  the  speed  of  the  torpedo 
as  a  factor  in  the  diminution  of  the 
chances  of  failure  is  ohvious. 

At  the  present  time,  in  consequence 
of  the  introduction  of  the  new  torpedo 
with  a  large  radius  of  action,  we  are 
witnessing  a  complete  revolution  in  its 
tactical  employment.  The  torpedo 
boat  and  the  submarine  will,  of  course, 
always  have  their  place  in  the  attack 
by  surprise  or  ambush,  the  one  acting 
at  night  and  the  other  in  the  dajrtime, 
but  besides  this  we  have  now  quite  a 
new  use  for  them,  admitting  of  the 
torpedo  being  utilised  in  the  attack  at 
ranges  varying Jrom  5,500  to  7,000  yards. 

It  is  obvious  by  night  a  torpedo 
attack  at  so  great  a  distance  would  be 
impossible.  Not  only  would  it  be 
impossible  to  estimate  the  factors  of 
firing  at  this  distance,  but  the  target 
would  be  invisible.  It  is  thus  by  day 
that  the  long  range  attack  will  be 
carried  out.  We  will  proceed  to  see 
under  what  conditions. 
Tactical  Employment  of  the 
Modern  Torpedo. 

The  chances  of  hitting  the  tar- ct 
diminishing^  with  the  increase  in  the 
range,  it  is  necessary  in  order  to 
retain  sufficient  probabilities  of  success, 
to  increase  the  /one  swept  by  the  tor- 
pedoes by  firing  a  large  number  of  them 
toL'i  tiier  in  the  form  of  a  kind  of  sheaf 
to  be  given  a  suitable  direction. 

This  is  the  origin  of  the  idea  of 
executing  the  attack  by  day  with  a 
flotilla  of  toqiedo  boats  against  a 
group  of  battleships.  The  classic 
formation  of  battleships  in  a  general 
action,  a  formation  which  has  been 
inijMised  by  the  requirements  of  artillery 
fire  and  the  ease  of  manoeuvre,  is  line 
ahead.   The  vessels  follow  each  other 


at  a  tiistance  of  350  yards  or  450  v.inls, 
forming  a  total  length  of  line  of  from 
3,000  to  4,500  yards.  It  is  this  line 
which  will  constitute  the  target. 

If  we  bear  in  mind  that  the  only 
vulnerable  part  of  all  this  length  of 
line  is  the  part  represented  b\-  tin  total 
length  of  all  the  hulls  in  it,  we  realise 
that  the  probabilities  of  hitting  with  a 
sheaf  of  torpedoes  fired  at  the  formation 
will  be  about  40  per  cent,  if  the  distance 
between  the  iMtttleships  is  350  yards, 
and  33  per  cent,  if  it  is  450  yanl^. 

Let  us  suppose  a  flotilla  composed  of 
four  large  torpedo  boats  of  800  tons, 
each  equipped  with  four  torpeilo  tubes 
capable  of  firing  all  together  on  the 
same  broadside. 

At  the  moment  when  the  action 
opens  between  two  squadrons,  each 
battleship  is  primarily  concerned  in 
strictly  maintaining  its  line  of  mute 
in  order  not  to  interfere  with  the  tire 
control  of  its  heavy  guns,  as  any  falling- 
off  in  the  efficienc\-  of  its  fire  constitutes 
a  superiority  conferred  on  the  enemy 

While  the  action  is  developing  be- 
tween the  two  hostile  lines  steaming  on 
opposite  tacks,  the  torpedo  boat 
flotilla  will  attempt  to  attack  the 
enemy  on  the  side  opposite  to  the 
squadron  of  its  own  side.  This  flo  ilia 
will,  at  the  moment  of  firing  its  tor- 
pedoes, be  at  a  distance  of  about  7.000 
yards  from  the  enemy's  battleships. 
Tlie  flotilla  steaming  at  30  knots  and 
the  enemy's  ships  at  20,  the'  difference 
in  speed  is  50  knots.  At  such  a  speed, 
and  considering  the  small  surface  it 
presents  to  the  fire  of  the  enemy's 
gims,  it  is  almost  invulnerable.  It  will 
thus  be  able  to  Arc,  at  one  discharge, 
against  the  line  of  route  followed  by 
the  enemy's  ships,  16  torped(tes 
directed  fanwise  in  such  a  way,  tliat 
the  two  trajectories  of  the  end  tor- 

?>edoes  will  embrace  the  line  which 
orms  (heir  target,  judging  by  the 
prt)babilities  of  hitting  we  have  just 
coni^dercd  of  the  16  torpetloes  fired, 
(y  or  jxThaps  5,  have  a  chance  of  striking 
home. 

Then  one  or  two  things  will  happen  : 

either  the  enemy,  seeing  the  torpedo 
menace,  wdl  manauvre  to  avoid 
them,  and  be  thereby  obliged  to  interfere 
with  his  firing  service,  thus  conferring 
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the  artillery  advantage  to  his  oppo- 
nent, or  he  will  continue  his  way  and 

cross  the  lini'  of  tlir  torpedoes,  in  doinj^ 
which  several  of  his  units  may  be 
either  annihilated  or  at  least  put  hots  de 

combat. 

Such  is  one  of  the  possible  cases 
showing  the  new  role  which  the  modem 
torpedo  will  be  called  upon  to  play  in 
the  course  of  an  action. 


The  cost  of  a  torpedo,  which  did  not 
exceed  £200  in  1877,  is  now  as  much 
as  from  £"600  to  i<^oo.  This  siilTioes 
to  show  the  importance  of  this  branch 
of  manufacture,  dealing  writh  apparatus 
of  consider. iblf  weight,  the  aecur.iey 
of  which  must  be  equal  to  that  of  the 
most  delicate  cloclcwork. — {La  Science 
et  La  YU). 


BOILER  FURNACES 


By  John  Balsy 


THE  furnace  of  a  steam  bculer  is 
a  lalwjratory  in  which  s<»me  of 
the  most  (htticult  combinations 
of  gases  are  produced,  but  under  con- 
ditions impossible  to  the  chemist  ; 
yet  the  majority  of  steam  boiler  users 
merely  look  upon  it  as  a  place  in  which 
fuel  is  burnt — more  or  less,  for  the 
purpose  of  making  steam.  The  heat 
given  off  by  burning  is  of  two  characters 
of  varying  amount  (hie  to  a  variety 
of  temperatures  resultmg  from  the 
use  of  quantity,  or  difference,  in  fuel 
value,  and  the  amount  of  air  admitted 
to  the  furnace. 

Amongst  the  many  delicate  opera- 
tions conducted  within  the  Ixiilcr 
furnace  laboratory,  temperature  and 
radiant  heat  value  are  two  determina- 
tions difficult  to  regulate,  even  to 
making  it  a  well-ni^h  hopeless  task 
to  ensure  a  regular  sequence.  Tem- 
perature is  largely  determined  by 
siglit,  thougli,  stmietimes,  it  is  roughly 
gauged  by  the  fusion  of  metals  of 
known  melting  points;  but  such  gauging 
is  merelv  approximate.  The  pvro- 
meter  is  tlic  best  method,  but  even 
that  is  not  to  be  rehed  on,  and  all 
methods  are  largi'ly  experimental. 
One  rule  for  finding  temperature  and 


radiant  heat  value  is  '  Ptclet's."  The 
method  is  intricate  and  laborious,  and 
the  result  is  only  reached  by  a  system 
of  trial  and  error,  hut  it  is  a  {wactical 
rule,  given  in  full,  as  follows  : — 

R  =  144a  </j  (a'^i.)  wlure  R  =  the 
heat  radiated,  per  sijuare  foot  of  grate 
surface,  per  hour  in  B. Th.U.  terms. 

«/»  =  the  temperature  of  the  receiv- 
ing medium,  steam  or  water  inside  of 
the  boiler  in  l-'ahrenheit  degrees. 

a  =  a  constant,  1,00425. 

t  »  the  excess  temperature  of  the 
assumed  fire  surface  above  that  of 

also  in  Fah.  degrees. 

By  this  rule,  Mr.  D.  K.  Clark  fur- 
nished a  table  o{  temperatures  and 
heat  values,  ff)r  quantities  of  fuel 
ranging  from  5  to  120  lbs.  per  square 
foot  of  grate.  The  table  is  based  on 
the  condition  of  perfect  combustion. 

As  the  table  is  01  little  use  in  practice, 
the  author  of  tin  utirU  has  plotted 
another  table,  biixtl  ui>on  the  use  of 
5o*'o  excess  air,  but  deduced  from 
Peclet's  rule,  and  is  useful  for  practical 
purposes.  A  graphic  diagram  is  alsf) 
given  to  show  the  marked  difference  a 
few  degrees  make  m  quantities  of  heat. 

(page  jof)) 

Tlie  tables  follow  in  sequence  ; — 
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IkitmATViiB  AKD  Hbat  or  A  Coal  F)kb  in  a  Statk  or  Incamdbscbhcb. 


CondilioHs,    Complete  combiution.    No  excels  air.    £»tiiiiatcU  B.Tb.U.  vaIuc  u(  tuel  14,700. 


'  Coal  ptr 
■q.it.  oi 

per  hour. 

■    1  + 
-S-  Tem. 
Tem.  iotide  soiface  ol  Are 
bfiiler.     I    per  »q.  ft. 

RadiBDt  Meat. 

Convecled 
heal. 

1  Sun  ol  R  4  C 

Total  h«*t 
estimated. 

lbs. 

F-h. 

Fah. 

L'llit!.. 

I"  nils. 

1°  til  Is. 

L' II  its. 

S 

350 

1.400 

J  1.960 

t9,>6o 

,  73.no 

73.500 

to 

«.5.w 

lOi.JOO 

43.5<o 

1  I46.0IO 

147,000 

20 

1.705 

198,400 

94,080 

I  2'M.4'»" 

jii4.aoo 

40 

•• 

i.«37 

309,830 

,  5»H,<oo 

JJH.t.OOO 

80 

a.009 

721,800 

453.400 

;  i,i77,Joo 

1. 176.000 

ISO 

3.097 

1.049.00a 

714.030 

I.7«3.0SO 

1,764.000 

ApiiroxiniAtcIv  the  tctnperaturc  of  combustion  U  5,158  =  1". 


Approximately  the  temperature  of 
combustion  is  5158*  F. 

In  practice  perfect  combustion  i-^ 
not  expected,  therefore  the  author's 
table  for  50%  excess  air  is  given  for 
slightly  different  quantities  of  coal. 


The  temperature  of  combustion  is 
the  total  of  all  the  heat  indications  of 
the  .separate'  elements,  which  do  not 
remain  separate  on  combustion,  but 
become  combinations  of  elements, 
and  such  combinations  necessarily 


AUTHOR'S  TABLE. 


Coal  per  sq. 
ft.  of  grate 

1 

,  ToUl 
1  rttimated. 

per  boor. 

*  1 

Radiant. 

Conveeted. 

R  4-  C 

Fab. 

hah. 

Unit*.' 

I'oit*. 

f nit». 

1  I'liits. 

i 

1.366 

46.669 
87.JIS 

26.IJ  JH 

7;. JO" 

10 

f» 

1.5  «- 

39  ,»■>'< 

147.114 

1  147,000 

la 

*> 

1.5  so 

t03.)51 

73.763 

176,313 

'  176.400 

»S 

t> 

I.SS'i 

"4.aS4 

94.992 

ai9.J" 

1  SM.SOO 

20 

*t 

162, 4M 

I  ll.Sho 

204.111 

^■,4.1MK> 

»• 

30  [  ,o<>o 

So 

pt 

l,V4<> 

1  5J.«.5«9 

622,079 

i.»7S.u7y 

l,l7b,(HKJ 

1  1^4,000 

ISO 

It 

»*030 

7M.»I7 

97S.4M 

The  temperature  of  rombmtion  i».  approximately.  s.ssB'P. 


The  temperature  of  combustion  is, 
ajpproximately,  3558°  F. 

By  comparing  the  two  tables  for 
equal  weii^lu  of  fuel  burnt  it  is  seen 
that  the  introduction  of  50^0  excess 
air  reduces  the  temperature  of  com- 
bustion 1,600°  F.  (about),  or  for  5.3  lbs. 
of  excess  air,  each  lb.  absorbs  nearly 
3oa*F.,  equivalent  to  380  B.Th.u. 
Temperature  measures  intensity  of 
heat,  but  not  quantity,  because  tlie 
temperature  of  a  unit  volume  of  gas 
has  the  snmc  temperature  as  the  total 
volume  from  which  it  is  taken  and 
though  this  is  true,  yet  the  unit  volume 
f)f  a  10,0(10  unit  volume  only  refers 
to  quantity  of  heat  as  a  proportion, 
or  1-10,000,  yet  the  temperature  for 
both  volumes  may  be  the  same. 


involve  a  reduction  of  elemental  or 
separate  temperatures  whereby  the 
heat  is  suppressrd  a>  in  the  case  of 
HjO.,  where  two  volumes  of  H  combine 
with  O  and  become  equivalent  to  a 
two  volume  capacity,  because  the 
volume  is  absorbed  out  of  3.  The 
heal  value  of  the  combination  is  that 
of  the  three  volumes,  but  the  tan- 
perature  is  the  ((luivalent  of  two 
separate  temperatures,  and  the  same 
occurs  in  regard  to  CO,,  though  O  is 
not  a  combustible.  Its  separate  volume 
takes  in  heat  as  a  separate  element: 
but  in  combination  with  C  half  the 
heat  of  is  suppressed,  and  is  not 
indicated  as  temperature,  therefore  as 
separate  elements  tiiree  volumes  of 
heat  are  present,  and  of  course  three 
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separate  teinperaturc>  :  but  as  COa 
half  of  the  O  is  suppressed.  The 
temperature  is  for  one  volume  of  () 
and  one  of  C.  Thus,  the  theoretical 
temperature  of  combustion  may  be 
accounted  for  in  boiler  furnace  practice. 

By  reference  to  a  comparison  of  the 
two  tables,  where  i  lb.  of  coal  is 
complt  tcly  Iniinl  in  conjunction  with 
10.7  lb.  of  dry  atmosplieric  air,  the 
reduction  of  the  temperature  of  com- 
bu8ti(m  by  the  admission  of  50% 
excess  air  shows  that  t>ach  lb.  of  excess 
air  at  counts  tor  joj  h\,  therefore 
5.3  lbs.  of  excels  air  accounts  for  a 
rcdu<  ti()n  of  1,600"  F.  With  such 
deductions  it  is  interesting  and  im- 
portant to  portion  out  the  temperature 
of  combustion  by  various  allocations. 

For  the  ideal  contUtion  the  approxi- 
mate value  of  the  temperature  o  I  com- 
bustion is  5,158°  F.,but  10.7  lb.  of  air 
accounts  for  3,200'^  F.,  leaving  i,95i>'  F. 
to  be  otherwise  accounted  for.  The 
products,  for  perfect  combu-^tion  wt  itjh 
11.7  lb.,  of  which  10.7  are  accounted 
for,  leaving  i  lb.  to  be  examined  in 
re).;ar<l  to  its  influence  on  tlic  tem- 
perature value.  In  this  lb.,  which  is 
fuel,  is  included  80%  of  carbon.  5^0 
of  hydrogen,  8"„  of  oxygen,  and  7",, 
of  other  gases,  all  of  which  have  actual 
or  putative,  separate  volumes,  of 
varying  specific  heat,  and  these  several 
elements  in  some  way  account  for  the 
temperature  of  1,958''  F..  being  the 
surplus  value  of  the  temjx;rature  of 
combustion,  after  10.7  lb.  of  air 
influence  has  been  deducted.  The 
total  weight  of  the  products  are  in- 
variable for  given  conditions,  but  thi* 
final  volume  is  contingent  on  their 
combination  volumes.  For  instance, 
two  volumes  of  hvdrogen  <  nnibin('  with 
I  of  oxygen,  but  the  combuied  volume 
is  only  two-thirds  of  the  total  ele- 
mental volumes.  A  similar  effect  is 
produced  by  the  combination  of  COj, 
&c..  but  it  IS  not  so  for  CO. 

Though  CO..  and  H.X)  are  the  prin- 
cipal combinations  others  occur,  and 
must  be  considered:  including  the 
oxygen  and  other  gases,  which  are 
referred  to  95%  of  tiie  carbon  section  : 
thus  remains  for  the  hydrogen. 
Various  other  possible  combinations 
of  these  two  will  give  a  faint  idea 


of  the  difliculty  att»  nding  actouutmg 
for  the  remaining  i  ,958"  F.  As  the 
temperature  of  combustion  is  ascer- 
tained by  dividing  the  estimated 
heat  value  of  the  fuel  by  the  units 
required  to  raise  the  temperature  of 
the  products  1°  F.,  so,  in  a  similar 
way  the  average  temperature  value  of 
the  elements  in  the  lb.  f  liu  l,  under 
consideration,  may  be  ckluud.  Worked 
out  these  will  only  account  for  457°  F., 
leaving  1,500*  F.  tmaccounted  for, 
except  by  the  temperature  of  thr  fire. 

There  is  reason  for  calling  attention 
to  the  great  loss  of  temperature  owing 
to  the  introduction  of  excess  air, 
which  is  probably  the  cause  of  low 
efficiency,  so  often  found  with  the 
average  steam  plants.  Thn<,  a  great 
advantage  is  gained  by  knt)wing  the 
real  value  of  the  products  outside  of 
the  air  element.  It  is  sufficient  to 
point  out  that  the  admission  of  excess 
air  if  50%  excess  air  reduces  the  tem- 
jieraturc  of  combustion  1,600'^  F.,  and 
the  temperature  of  the  lire  surface 
34*  F.  It  is  guite  obvious  that  34'  F. 
reduction  of  fire  surface  in  Mtme  way 
causes  the  loss  of  2,000  B.Th.U.,  and 
that  will  be  accounted  for  by  the 
extra  nitrogen  volume  and  the  excess 
waste  of  gaseous  product  by  weight. 
By  such  deductions  75",,  excess  air 
reduces  the  temper.iture  of  combustion 
2,392°  F..  and  100",,  3,200"  F..  and 
the  temperature  of  the  fire  surface  in 
proportion  to  the  preceding  relative 
values  Generally,  it  may  b<-  ^aid 
that  when  burnuig  12  lb.  of  average 
coal  in  conjunction  with  50 '\,  excess 
air.  per  hour,  the  practical  limit  of 
natural  chinuiey  draught  is  reached, 
and  that  occurs'  when  the  fir^  surface 
is  1.550" 

Radiant  lieat  is  six  times  as  active  as 
convected — though  its  effect  is  confined 
to  furnace  heatini,'  snrfaee  ;  therefore, 
allowing  excess  radiant  heat  beyond 
what  furnace  heating  surface  can  absorb 
is  a  mistake  ;  that  to  know  how 
much  radiant  heat  results  from  a  given 
fire  temperature  is  important.  Radiant 
heat  roughly  follows  increased  amounts 
of  coal  burnt,  though  not  quite ;  but 
temperature  has  a  marked  effect  on 
quantity.  In  practice  about  25  per 
cent,  of  all  radiant  heat  is  lost  to 
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evaporation  by  the  lire-bar  spaces,  and    evaporation  is  due  to  radiant  heat ;  the 


another  3  per  cent,  by  the  ends  of  the 

firi',  due  to  dissipation  by  tlie  fin*  door 
and  bridge  to  atmosphere  from  the 
ordinary  cyhndrical  furnace  :  besides, 
about  5  per  cent,  is  transft  rn d  tn  tin 
flno  snrfare  beyond  the  biidj^c  in  the 
Lancashire  type  ;  or  to  the  tubt-  ends 


other  50  per  cent,  being  credited  to 

gaseous  effect,  but  fully  lo  per  cent,  of 
convccted  heat  is  carried  away  by  the 
waste  gases  and  another  25  per  cent,  is 
In^t  hy  tin-  brirkworl^flties,  &C.,  in 

Lancashire  Ixiiklers. 

Take  the  case  of  12  lb.  of  coal  per 


in  the  multitubular.  Another  5  per  cent,   square  foot  of  grate  for  50  per  cent. 





/JfiMD  


nfto  


 /6%,tisy 


The  top  curve»  ii>  ixiih  i  .ivrs  .ire  for  perfect  combusiion  and  Ibc  lower  for  50%  emcees  air    F)gum  on  extrtma 


left  equal  r.\rli.int  hi-.it  \  .i\w  t<ir  pi  rfi  1 1  <  uiiibtNtiuii  in  unit  lermi.   The  next  row npresenis  the  tenpcratuMa.  On 

exceM  air.    The  radiant  heat  diafram  on  XX  U 


thr  llii    lMil|irl.lllir.  ,  :,itd  unit  .lliiinim,  .nr  (or 

plac)  <i  uii  .\  Iluc  oi  the  temperature  sliotvs  itic  rise. 


is  included  in  the  small  coal  and  dust ; 

that  rrdur(  s  the  (jiiantity  of  (  ombu^ti- 
ble  burnt.  Thus,  per  cent,  of  tlie 
total  estimated  radiant  heat  is  lost  to 
fuinacr  evaporation.  Generally,  it  is 
assumed  that  50  per  cent,  of  the  total 


excess  air ;  then,  as  per  writer's  table 

102,55 J  units  of  radiant  heat  minus 
40  per  cent.  =  02,532  units  used  in 
evaporation.  Convected  heat  equal 
73  7^3  plus  (5  P'T  ^^"t-  ^'f  102,552) 
10,255  »  b4,uib  units,  minus  35  per 
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cent.  =  65,023  units,  or  practically 
equal  to  the  other.  Now  130,555  units 
are  usi  fiilly  cniplnyrd  in  evaporation, 
representing  an  etftciency  of  73  per 
cent,  about.  From  authorised  tests 
made  at  the  Philadclpliia  l-!xhibition 
many  years  ago  an  etliciency  of  69  per 
cent,  was  obtained  from  a  Galloway 
type  I-anrashire  two-flued  boiler,  which 
has  not  been  met  or  excelled  since ; 
therefore,  the  deduction  is  too  great  an 
efficirnry  ;  but  65  per  cent,  is  common 
in  good  practice ;  tnerefore,  8  per  cent, 
has  to  be  accounted  for.  Probably  2  A 
to  >  per  cent,  of  this  is  due  to  radiation 
from  the  plant  surface  ;  and  another  5 
per  cent,  to  CO  carried  off  in  the  waste 
gases  as  unconsumed  omibastibles. 

Referring  the  25  per  cent  loss  of 
convected  to  the  total  estimated  heat, 
the  loss  is  10  per  cent.  ;  therefore,  in 
boiltTs  that  require  no  brickwork  flues 
it  sli'juld  be  possible  to  get  75  per  cent, 
of  efficiency.  This  is  possible,  and  many 
cases  are  known  where  it  has  lx*en 
reached,  and  the  writer  witnessed  one 
set  of  experiments  with  marine  boilers, 
wlicre  75  per  tent  cfhcienrv  was 
shown,  and  was  actually  attained. 
These  eflidaicies  may  be  increased 
w!iitst  {gaining  a  higher  quantitative 
efficiency. 

Forty  lb.  of  coal  pt  r  square  foot  can 
be  burnt  in  a  marii\c  boiler  fumace ; 
in  fact  it  is  common  practice,  and  in  a 
few  cases  with  little  loss  to  economical 
fu  I  efficienc\-.  .Advantaf^'e  may  be  taken 
of  the  possibility  of  subjecting  the 
gaseous  products  to  compression  by 
increasing  tlu'  ilraught  and  restricting 
the  outlet  to  the  chimney.  The  advan- 
tage obtained  would  be  due  tea  hotter 
fire  and  a  more  active  radiant  heat,  and 
a  hotter  j.'aseous  product  whose  increased 
temperature,  under  the  compressing 
effect  would  transmit  more  heat  to  the 
given  heating  surface,  without  sensibly 
increasing  the  chimney  temperature. 
As  a  fact  chimney  temperature  need 
not        added  to. 

Where  a  forced  draught  enables  four 
times  the  natural  draught  effect  to  be 
produced  without  lowering  efficiency,  to 
get  four  times  the  ciuantity  of  steam 
from  an  element  hitnerto  giving  one, 
means  true  economy,  but  under  careful 
handling  and  con.structive  ingenuity  an 


economical  efficiency  of  anything  from 
2 1  to  5  per  cent,  is  possible,  or  more. 
Generally,  an  average  efficiency  of  40 
per  cent,  of  all  boilers  is  all  that  rules  ; 
therefore,  to  increase  the  efficiency  to 
60  per  cent,  avera^  is  what  all  users 
and  makers  of  such  plants  should 
seek. 

In  connection  with  what  has  already 
been  said  in  regard  to  boilers  of  the 
Lancashire  type  a  balance  sheet  is  given 
from  which  much  may  be  learnt. 
The  percentage  values  wiU  be  the  same, 
however  much  coal  is  burnt,  and 
whatev  er  the  economy  may  be ; 
therefore,  it  will  serve  a  useful  purpose 
as  a  guide  to  general  practice.  The 
values  are  only  approximate  ;  but  a 
closer  analysis  will  full\'  qualify  them. 
The  value.«  in  per  cent,  terms  are  referred 
to  the  estimated  fuel  value ;  but  to  the 
two  heats  as  separate  values  in  detail. 
Radiant  heat  losses  : — 

To  ashpit  by  fire-bar 

spaces  . .        . .  25% 

By  bridge  and  fire-door  5% 

By  small  coal  and  dust  5% 

By  heat  transferred  to 

behind  bridge       ..  2.8% 

By  general  radiatiou  ..  3.2%=s3i% 

Convected  heat  losses : — 

Hv  wa<te  gases         ..  10% 

By  brickwork    ..       ..    25% -35% 

An(  tlier  loss  of  5  per  cent,  is  due  to 
CO  being  carried  off  by  the  waste 
gases,  but  the  insertion  of  cone  tubes 
will  increase  the  efficiency  by  3  per 
cent. 

Worked  out ,  the  efficiency  is,  roughly 
65  per  cent  .  but  there  seems  no  reason 
why  it  sh')uld  not  be  raised  to  70  per 
cent.  One  thing  is  important,  viz., 
chimney  temperature,  which  need  not 
exceed  400"  F.  to  suit  usual  pressures. 
Efficiently  clothing  all  exposed  surfaces 
with  non-condncting  material  is  essen- 
tial 

It  is  impossible  in  an  article  of  this 
length  to  do  more  than  merely  general- 

i'^e,  but  one  matter  must  be  touche<l 
upon,  being  the  conducti\Jty  of  metal 
plates,  and  an  object  lesson  has  been 

set  bv  one  square  foot  of  furnace 
heating  surface  in  a  locomotive  which 
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transmitted  72,000  B.Th.U.  per  hour, 
whilst  60,000  is  common  to  fnood  fair 

practice.  In  connection  with  1  jcomn- 
tive  practice  a  few  notes  may  be  of 
use. 

The  fire  may  Ix-  replenished  12  time? 
in  the  hour  with  37  lb.  of  coal,  which 
may  mean  5  chovoi  loads,  or  60  per 
hour,  and  allowinu;  three  seconds  per 
shovel,  180  seconds,  or  three  niinutesof 
open  door  occurs  per  hour  For 
'perfect  ctnnbustion  672  cubic  feet  of  air 
IS  required  ner  minute,  admitted  by  the 
fire-door  spacc^  ;  this  means  i  lb.  of 
air  per  square  fojt.  per  second;  or 
90  lb.  in  three  minutes,  which  requires 
43,500  units  to  raise  it  to  furnace 
temperature  ;  call  it  50,000,  or  .04  per 
cent,  of  the  whole  performance. 
Another  loss  is  due  to  excessive  blowing 
off  steam  at  the  safety  valve,  which 
easily  means  4  lb.  weight  per  minute 
for  a  slight  hft  of  the  valve.  Cases  are 
known  where  «team  has  been  blown 
off  virion sl\'  for  ovtT  40  minutes, 
involving  probably  the  waste  of  over 
200  lb.  weight  of  steam,  which  means, 
roughly,  25  lb.  lo>t,  sav,  i  yn-r  cent, 
of  the  total  performance  ;  therefore, 
it  is  within  the  bounds  of  possibility  to 
waste  2  per  cent,  of  locomotive  effidracy 
by  careless  handling. 

To  assert  that  such  happenings  are 


rare  is  untrue,  because  they  frequently 
occur,  and  are  of  much  greater  loss 

than  that  named. 

Many  a  furnace  dour  is  kept  open 
whilst  a  train  is  in  the  station  for  five 

minutes,  and  in  stationary  plants 
clearing  a  fire  may  be  delayed  whilst  the 
manipulator  is  indulging  in  a  five 
minutes'  chat,  and  all  the  time  the  fire  is 
cooling  by  talcing  big  indraughts  of  cold 
air. 

In  endless  ways  the  poor  efficiency  of 
boilrr  plants  in  general  is  still  further 
re;lui  cd  by  imprcjper  attention.  Some 
elficieiicN  may  be  caused  by  piling  on 
cold  fuel  to  save  frequent  periods  of 
attention,  not  that  the  tirt-nian  is  lazy, 
but  by  reason  of  having  so  many  duties 
to  attend  to  besidts  the  ItoiU-r,  and 
the  result  is  low  efficiency  and  loss  of 
money.  The  above  are  remedial  faults, 
but  others  mentioned  arc  due  to  want  of 
real  knowledge,  or  the  non-use  of  it. 
In  any  case,  it  means  loss  of  money, 
and  only  when  the  intricate  nature  of 
the  boiler  laboratory  is  understood  can 
we  expect  to  get  better  results  at  less 
cost. 

If  this  article  serves  no  better  purpose 
than  to  call  attention  to  a  somewhat 
neglected  subject,  its  purpose  is 
achieved. 
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INDUCTION  FURNACE  OF  SPECIAL  TYPE  ♦ 


Bjr  Olio  Ffick 


THE  development  of  the  electric 
steel  furnace  in  the  past  and  its 
prof,'re>s  in  the  jirt'scnt  havi*  so 
often  been  described  and  discussed 
from  a  general  point  of  view,  that  the 
author  proposes  to  dcvcitc  tlu'  tjn  ater 
part  ot  this  paper  to  the  future  develop- 
ment of  the  electric  furnace,  not  so 
much  from  a  ^^cneral  point  of  view  as 
from  that  of  the  use  of  the  particular 
type  of  induction  furnace  with  which 
his  name  is  associated.  The  conclusiwift 
arrived  at  arc  mainly  based  on  results 
obtainetl  in  the  ele  trie  furnaces  at 
Krupp's  works  in  Essen,  and  serve  to 
show  tliat  whatever  the  history'  and 
pres«  nt  position  of  the  electric  furnace 
in  the  steel  industry,  its  future  possi- 
bilities are  such  that  it  may  be  antici- 
pated that  a  time  will  come  when 
half  the  steel  produced  will  have  been 
passed  throuk'h  the  electric  furnare. 

Two  furnaces  of  the  Fnck  type  are  at 
work  in  Essen.  The  first  furnace  came 
into  refj;ular  operation  in  Aupist,  iqoS. 
The  second  furnace,  originally  of  the 
Kjellin  t>'pe,  was  rebuilt  on  the  same 
principle  as  the  first  I'rick  furnare, 
after  this  had  been  proved  superior 
both  in  design  and  with  regard  to 
power,  consumption  and  efTiciency. 

The  data  relating  to  these  furnaces 
are : — 

Raw  material*  . .      cold  icrap  of  cooJ 

■nalyiM 

lloMini!  •  ;i|i.iril  V  ..        10  tons 

Kil'iivditr  ful   uiiiiii  lumber 

wji«  d»->iicii<-<)  ..       ..  736 

Artual  work:ii^  c;<paciiy       ..  S's  tons 

WeiRht  of  cMi   6'9  M 

AvrraK*  power  H«ed  690  kilowatt* 

Frr'iiii  iirv    5  cf cin  per  sae. 

\<ili.iiii-   5000 

I'luviT  iactor,  coitnr-5-  at  8  5 

torn    o'l} 

Avwavp  duration  of  onr  hrat  6  hrs.  45  mini. 

*  AbiitriK  t,  tojju'the''  with  smnc  ailditioii.'il 
data,  ol  a  paper  rmd  ln'torc  tin-  Iron  and 
Steel  Institute,  specially  prepared  for 
"  Cassier'a  Engineenng  Monthly"  by  the 
author. 


Tbroreticat  energy,  coflknmp- 

lion,  per  Inn  ..  4 1^  kiln  Aalt  hrs. 

AvrrjKc  <  li-i  triral  lo«5. ,  ^  spi  rn-nt. 

Average  radiation  loss..       ..  16a  kilowatts 

Average  loul  « Acloncy       . .  ye  per  cent. 

Figs.  I  and  2  give  a  clear  idea  of  the 

fl<  sign  of  the  furnace.  The  photo- 
j^raplis  (I'igs.  4  and  5)  show  views  of 
the  furnace  and  plant. 

Rotable  Covf.r. — .\s  the  furnace 
was  to  be  usetl  for  melting  cold  scrap 
only  without  any  refining,  the  original 

tvpe  with  a  rotable  rover  was  eliom-il, 
specially  ik signed  for  ttie  trealnunt  of 
cold  scrap  and  offering  the  advantage 
of  easy  charging  and  liistribution  over 
the  whole  cnicible  without  any  delay 
or  trouble.  The  rotable  cover  further 
facilitates  the  supervision  of  th<>  mrial 
and  of  the  furnace  walls.  Additions 
of  slag  or  alloys  are  quickly  and  evenly 
distrihut<  (l  ovt-r  the  hath.  The  design 
of  the  cover  lia^  |)roved  most  satis- 
factory for  its  purpose. 

L()ssi:s  AND  Ki  I  K  iKsrv. — Tlie  most 
( ssential  points  with  regard  to  the 
design  of  electric  furnaces  are  the 
efhciency  and  power  consumption. 
The  efficiency  is  dependent  alone  on 
the  care  with  which  the  lo^es.  con- 
sisting of  electric  losses  and  radiation 
losses,  are  kept  down. 

The  electric  losses,  that  is,  the  losses 
in  the  primary  coils  and  in  the  magnetic 
iron  core,  are  reduced  by  giving  these 
parts  ample  dimensions.  Notwith- 
standing the  great  weight  of  the  core, 
nearly  45  tons,  the  total  electric  loss 
in  the  furnace  in  Kssen  only  amounts 
to  4  5  per  cent,  of  the  total  energy 

supplied  to  the  furnaec  Of  greater 
influence  on  the  efticieiicv  are  the 
losses  due  to  radiation.  The  author 
ha--  m.ide  a  careful  study  of  the  heat 
conductivity  of  refractory  materials, 
and  the  furnaces  in  Essen  have  been 
provided  with  insulated  walls  in  accord- 
ance with  the  results. 
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At  the  Krupp  works  also  a  Girod 
furnace  of  1,200  kilowatts  and  12  tons 

capacity  has  bfcn  installed  next  to  the 
Frick  furnace,  thus  giving  an  oppor- 
tunity to  compare  the  Frick  furnace 
with  a  furnace  of  the  arc  type. 


of  the  lieat  is  generated  in  the  arc  or 
arcs  plajHng  between  the  ends  of  the 
electrodes  and  the  nu  tal,  and  conse- 
quently the  heat  has  to  be  transferred 
nom  these  centres  to  the  other  parts 
of  the  bath  by  heat  transmission. 


PIO.  t.— LONCITVDIHAl.  tCCTION  OP  tO  TOM,  1000  H.P.  PRICK  ■LKTMC  PVMIACI. 


The  superiority  of  the  non-arc  furnace 
docs  not  only  depend  on  the  better 
heat  insulation  of  the  former  iurnace, 
but  is  also  founded  ui>on  the  diifer^ce 
between  the  methods  of  heatinjj. 

In  an  arc  turnace  the  essential  part 


which  re<|uires  a  ver>'  high  temperature 
in  the  arcs  and  at  the  lower  end  of  the 
electrodes,  a  temperature  which  cer- 
tainly exceeds  2,500"^  C,  whereas  the 
highest  tem{x*rature  in  a  Frick  furnace 
never  exceeds  i,OSo°  C.  at  any  part. 


PIC.  a.— PIAM  OP  10  TOK  PVRKACB. 
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The  hoat  gencratrd  in  the  arc  is  spread 
in  all  directions,  and  according  to  the 
existing  laws  of  nature  the  greater 
part  oi  tlie  heat  will  go  in  the  direction 
of  the  least  resistance. 

It  may  be  said  with  fair  accuracy 
that  at  least  half  of  the  heat  will  be 
carried  towards  the  roof  and  the  upper 
part  of  the  furnace-walls.  In  treating 
Ii(]iii i  steel  even  more  than  one-half 
will  take  this  way.  This  becomes  evi- 
dent by  considering,  how  the  heat 
transmission  from  tlK>  arc  to  the  roof 
is  facilitated  by  the  gases  which  circu- 
late above  the  bath,  and  bow  much 
shorter  th<'  way  to  the  Otttside  is 
through  the  thin  roof  as  compared 
with  the  brickwork  nndemeath  the 
bath. 

Lining.— With  regard  to  the  hning 
the  induction  furnace  offers  certain 
intrinsic  difficulties  through  the  ring- 
shapetl  form  of  the  crucible. 

TIr-  lining  in  Essen  was  the  outcome 
of  most  extensive  researches  and  much 
experimental  work  ;  it  is  made  of 
magnesite  of  the  highest  purity,  pre- 
ferably up  to  93  per  cent.  MgO,  without 
any  binding  agent,  and  treated  in  such 
a  way  that  it  neither  contracts  nor 
expands  up  to  the  highest  temperatures. 
It  possts^fs  a  remarkable  compartiu  ss, 
mechanical  strength  and  resistance  to 
the  action  of  slags. 

But  even  the  best  of  linings  will  not 
stand  more  than  a  few  weeks  if  it  is 
not  further  protected  against  the 
cuttini:  action  of  ordinary  slags.  As 
all  attempts  to  repair  a  cut  place  of 
the  lining  have  proved  to  be  of  little 
or  no  value,  the  author  was  led  to  a 
very  simple  solution,  especially  adapt- 
able to  his  furnace,  by  the  following 
consideration. 

As  all  basic  slags  contain  a  certain 
percentage  of  .MgO,  which  seldom 
exceeds  10  per  cent,  and  usually  runs 
at  ab  »nt  six  to  seven  per  cent.,  the 
conclusion  is  justihed,  that  basic  slags 
must  saturate  themselves  to  this  extent. 
If.  now.  such  slags  arc  given  an  oppor- 
tunity to  take  up  MgO  from  another 
source  they  will  not  attack  the  lining. 
By  adding  crushed  magiir-ite  in  siuli 
a  way  that  tlie  slag  can  become  satur- 
ated before  it  has  been  able  to  attack 
the  lining,  this  ought  to  be  protected 


n«.  y  sKcnoM  tumhio* 
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against  cutting  and  should  last  lor  a 
considerable  time. 

Such  an  autt)matic  preservation  of 
the  lining  is  much  facilitated  by  the 
inclination  and  rotation  of  the  bath 
which  will  bemore 
fully  described 
later  on.  Old  mag- 
nesite, witlunit 
any  value  for 
other  purposes, 
may  be  used.  It 
is  intrixluced 
into  the  furnace 
in  such  a  manner 
as  to  form  a  heap  M  in  front  of  the 
inner  wall,  against  which  it  is  pressed 
by  the  inclination  and  rotation  of  the 
bath  as  shown  in  Fig.  3. 

The  acid  oxides.  SiOj  and  P-A-.. 
float  on  the  inclined  surface  of  the 
bath  and  meet  the  heap  M,  from  which 
they  alisorb  the  necessary  amount  of 
MgO  and  CaO  before  they  reach  the 
waJl.  This  method  has  proved  to  be 
most  satisfactory,  and  it  has  even  been 
found  possible  to  make  the  inner  wall 
grow  by  adding  too  much  magnesite, 
and  to  cut  awav  the  <'xcess  by  dimin- 
ishing the  percentage  of  magnesite  in 
the  slag. 

The  lining  of  the  Frick  furnace  in 
Essen  now  attains  a  life  of  two  to 
three  months  regularly,  although  these 
furnaces  Ialx)ur  under  more  difficult 
conditions  than  furnaces  which  have 
to  treat  molten  peroxidised  steel. 

IN(  I.INAIION     AM)       RolATION  OF 

B.\TH. — The  rt*ciprocal  electro-magnetic 
action  of  the  current  in  the  primary 
coils  and  in  the  bath  produces  the 
double  effect  of  making  the  surface  of 
the  bath  take  an  inclined  position 
towards  the  inner  wall,  and  of  causing 
the  whole  of  the  molten  metal  to 
revolve  in  the  direction  shown  by  the 
arrow  in  Fig.  3.  The  disadvantage  of 
the  inclination,  if  it  is  excessive,  con- 
sists in  the  greater  quantity  of  slag 
necessary  to  cover  the  metal. 

The  amount  of  slag  recpiired  to  cover 
the  bath  in  the  Kjeliin  furnace  will 
therefore  be  4-5  to  5  times  that  required 
in  the  I'rick  furnace. 

In  the  case  of  refining  liquid  steel, 
when  nearly  the  whole  useful  work  is 
spent  on  the  melting  of  slag,  a  greater 
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FIC.  4.— CKNEKAL  VIEW  Of   KLECTKIC   PLANT   WITH   TWO   FHtCK   rVKXACeS   AT   KRirri-'S   WORKS,  t«-*eX. 


inclination  of  tlie  bath  does  not  only 
mean  an  increased  expense  for  slag 
materials,  but  also  a  corresponding 
increase  in  the  necessary  theoretical 
energy. 

The  rotation  of  the  bath  is  favourable 
in  so  far  as  it  secures  a  great  uniformity 
of  the  metal  and  assists  in  the  pro- 
tection of  the  lining,  and  in  quickening 
the  reaction  between  the  slag  and  the 
metal. 

For  all  these  purposes  an  exceedingly 
slow  rotation  of  about  one  revolution 


per  minute  would  be  sufficient,  whereas 
it  is  generally  many  times  more,  and 
under  unfavourable  conditions  may 
exceed  100  revolutions  per  minute. 

Too  rapid  a  rotation  should  be 
avoided  in  case  the  resistance  of  the 
lining  to  abrasion  is  not  particularly 
great.  Further,  it  is  likely  that  too 
rapid  a  rotation  may  impair  the 
separation  of  slag  emulsions  from  the 
steel,  therefore  every  means  should  be 
used  to  keep  the  rotation  down.  This 
is  done  in  the  Frick  furnace  by  the 


f>a.   J.—O.IS  OP  THE  ELBCTIIIC  FVRMACtS  DKIKC  TILTBD,  KrUPF'S  WORKS.  UIKMt 
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arrangement  of  the  coils,  and  by 
using  a  current  of  low  frequency  for  the 

operation  of  the  furnace. 

Conclusions  from  Results  of 
Furnaces  in  Essen.— The  results  of 
the  I'rirk  furnaces  in  Essen  may  thus 
be  summarised : 

1.  The  design  «rith  a  rotable  cover 
has  been  found  most  suitable  formelting 
cold  stock. 

2.  The  efficiency  of  the  Prick  furnace 
is  much  higher  than  that  of  other 
inductiun  furnaces  and  of  arc  furnaces. 
Consrtjuontly  the  energy  consumption 
per  ton  of  steel  is  lower,  the  annual 
production  is  liif^her,  and  the  cost  of 
production  is  materially  lower  than  in 
Other  furnaces. 

3.  The  method  of  making  the  lining 
and  of  preventing  the  cutting  by  the 
slag  has  lengthened  the  life  of  the  uning 
up  to  three  months  without  repair. 

4.  The  inclination  and  rotation  of  the 
bath  are  sufficient  to  secure  all  possible 
ad\'ant;ii:<-^  and  are  at  the  same  time 
small  enough  to  obviate  the  necessity 
of  having  too  much  slag  to  cover  the 
bath. 

The  Future  of  the  Electric 
Furnace  in  the  Steel  Industry. — 

It  ni.u'  hv  said  that  the  future  of  the 
electric  furnace  for  steel  production  will 
be  in  the  final  refining  of  steel,  pre- 
meltcd  and  pre-refined  either  in  a 
converter  or  open-hearth  furnace,  and 
that  its  use  tor  melting  cold  stock, 
except  in  places  with  very  cheap  water 
power  and  high  price  of  fuel,  will  be 
restricted  to  comparatively  small  quan- 


tities of  high-class  alloy  steel,  and  to 
the  melting  of  valuable  alloys  for  the 

addition  to  ordinary  steel,  if  a  saving  of 
alloy  can  be  effected  hy^  melting  under 
exclusion  of  air,  as  for  instance  for  the 
melting  of  ferro-manganese. 

Types  of  Furnaces  for  the  Re 
FINING  OF  Liquid  Steel. — ^The  t\'pe 
employed  in  Rssen  was  designed  ex- 
pressly for  melting  cold  stock,  and  it  is 
not  suitable  for  any  slag  treatment  or 
refining,  as  the  difficulties  of  removing 
greater  amounts  of  slag  through  the 
spout,  the  only  opening  at  the  level  of 
the  bath,  would  be  too  great.  To  suit 
the  particular  conditions  of  refining, 
special  types  have  been  designed,  the 
main  feature  of  which  is  the  arrange- 
ment of  lateral  doors,  through  which 
the  slag  can  be  (juickly  removed  and 
handled. 

The  success  of  the  large  furnaces  in 
Essen  have  warranted  tlie  building  of 
stiU  larger  types,  up  to  20  tons 
capacity,  as  single-ring  furnaces  ;  and  to 
meet  demands  for  still  larger  capacity, 
double-ring  furnaces  up  to  40  tons 
have  been  designed.  .\11  furnaces 
will  preferably  work  with  single-phase 
current,  although  the  double-ring  type 
may  also  be  made  to  take  a  two  or  three- 
phase  current. 

Fig.  6  shows  the  design  of  single-ring 
furnaces  of  0.3  to  20  tonscapadtyr. 

Fig.  7  show  the  design  of  ctouble- 
ring  furnaces  of  0.6  to  40  tons  capacity 
for  single-phase  current.  The  only 
difference  in  double-ring  furnaces  for 
two  or  thrcc-pha.se  current  consists  in 
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Singlr.rinf  FunMcca  for  Steel. 
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the  use  of  two  independent  iron  cores    to  suit  local  conditions,  the  power 


instead  of  the  om'  common  to  tlu'  two 
rings  formc'tl  by  the  bath  as  shown  for 
the  single- phase  double-ring  furnace. 

Tables  I.,  II.,  and  III.  contain 
general  information  of  a  technical 


factor  or  cosinus  ^  varying  at  the 
same  time  in  such  a  way  as  to  make 
tang  4>  proportionate  to  tlie  frequency. 

Electric  Clrrhnt  and  Fre- 
quency.— ^The  induction  furnace  re- 


Tablb  II. 
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Tablk  III. 


Capacity  in  tonii 
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nature  on  single-ring  and  ^mble-ring 
furna( .  s  for  steel  as  well  as  for  ferro- 

manganesc. 

.  The  tables  furnish  data  concerning 
the  power  factor  of  the  different  fur- 
naces at  a  certain  normal  frequency. 
The  frequency  may,  however,  be  chosen 


quires  an  alternating  electric  current 

on  account  of  the  wireless  transmission 
of  the  energy  from  the  primary  coils  to 

the  secondary  bath. 

The  single-ring  fum  i  must  be 
supplied  with  a  single-phase  current, 
whereas  the  double-ring  tjpe  may  be 


Digitized  by  Google 


ELECTRIC  STEEL  REHNING 


315 


connected  either  with  a  single-phase  or 
if  it  is  provided  with  double  iron-cores, 
with  a  t\vn-|)hasf  or  three-pha^^e  system. 

As  induction  furnaces  have  a  very 
low  power  factor  at  the  normal  fre- 
quencies of  25  to  50  cycles,  it  is  only  in 
exceptional  cases  advisable  to  connect 
them  directly  to  existing  plants.  It  will 
in  no  •■ase  he  economically  justified  to 
connect  furnaces  for  steel  of  over  3  tons 
and  for  ferro-manganese  of  over  6  tons 
capacity  to  a  supply  system  of  25 
cycles.  For  larger  furnaces  special 
dynamos  for  low  frequency  should 
always  be  provided. 

The  power  factor  or  cosinus  «/»  of 
induction  furnaces  is  always  low, 
because  of  the  low  electric  resistance  of 
the  bath. 

According  to  a  formula,  developed 
by  the  author,  the  value  of  tang  ^  can 
be  expressed  in  a  comparatively  simple 
way  : 

tang  ^ss      «.  I  + 


15950000     R     \W  W/ 

P  s 

^  =  angle  of  phase  difference  in 
*    between     current    and  voltage 
=  periodicity  or  cycles  per  second. 
R  =  electric  resistance  of  bath  in 

Ohms. 

Wp  >  Magnetic  resistance  around 

the  primary  coils. 

\Vs  -  magnetic  resistance  around  the 
secondary  bath. 

If  the  cosinus  «/>  is  known  for  one 
periodicity,  the  appro.\imatc  value  tor 
another  poriodidty  can  easily  be  found 

as  tang  4>i  =»  •  ''^-^  i 


tang  4>t    .  ' 

For  those  who  are  not  conversant 
with  electrical  matters,  it  maybe  well  to 
indicate  that  a  low  power  factor  has 
nothing  whatsoever  to  do  with  the 
cnerg>'  consumption,  as  it  only  indicates 
the  relation  between  the  real  and 
apparent  effect,  for  which  the  dynamo 
has  to  be  designed. 

Power  factor  -  cosinus  ^  -  kilowatt 


KVA 


The  size  of  the  dynamo  is  fi.xed  by 
theappan  nt  kilovoltamiK  rt  s  or  K.V'..-\. 
whereas  the  size  of  the  engine  is  fixed 
by  the  actual  power  in  kilowatts. 

The  first  costs  of  the  power  plant 
for  h'rick  furnaces  are  lower  than  those 
for  other  furnaces,  notwithstanding  the 
higher  price  of  a  djmamo,  this  being 
due  to  their  higher  efficiency. 

Load  Factor  and  Uniform  Power 
Consumption. — great  advantage  of 
the  induction  furnace  is  the  hi^h  load 
factor  and  the  absolute  uniformity  ot 
the  load  without  shocks  or  variations. 
In  this  respect  the  induction  furna<  e 
differs  iavoiurably  from  arc  furnaces 
which  even  when  treating  liquid  metal 
give  rise  to  serious  short  circuits, 
especially  when  the  metal  is  boiling 
as  during  the  oxidation  period,  making 
it  necessary  to  reduce  the  load.  The 
load  factor  is  of  no  little  influence  on 
the  production,  and  thereby  on  the  cost 
per  ton,  of  steel. 

Met.vlu'RGICal  Reactions  in  the 
Induction  Furnace. — Amongst  metal- 
lurgists the  conviction  is  general  that 
the  induction  furnaces  are  not  and 
cannot  be  suitable  for  refining,  but 
only  for  treating  pure  stock.  This 
view  is  based  upon  the  opinion  that 
the  first  and  most  important  con- 
dition for  successfully  carrying  out 
refining  reactions  is  that  the  slag 
should  be  thin  and  liquid.  In  the  case 
of  the  open-hearth  furnace  it  is  certainly 
correct  that  a  practical  refining  is  not 
possible  without  a  thin  slai:.  The 
author  is.  however,  of  the  opinion,  tliat 
the  thinness  of  the  slag  is  in  this  case 
only  of  importance  for  the  heat  trans- 
mission from  the  hot  i^'ases  to  the  bath. 
If  the  slag  were  thick,  it  would  act  as 
an  excellent  heat  insulator,  and  the 
bath  would  cool  down.  The  result  of 
this  is  that  in  an  open-hearth  furnace 
one  is  not  at  liberty  to  choose  the 
composition  of  the  sla^  only  with  a 
view  of  obtaining  the  quickest  refining, 
btit  niu-it  al'^o  take  into  consideration 
that  the  slag  must  be  thin  enough  not 
to  prevent  the  heat  transfer  to  the 
surface  of  contact  between  metal  and 
slag,  at  which  surface  the  reactions  take 
place. 

Owing  to  the  fact  that  in  an  induction 
furnace  the  lieat  is  generated  in  the 
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steel  itself,  the  temperature  of  the 
com.u  t  brtwccn  steel  and  slaf»  becomes 
indepemk'nt  of  the  thinness  of  tlic  slag, 
which  may  be  given  sudi  a  composition 
as  will  l)i  -t  ensure  tlu  n  actions  aimed 
at  on  the  other  hand  the  tempera- 

ture at  the  contact  must  be  the  same 
in  any  furnace  for  the  same  tempera- 


thc  phosphorus  in  the  steel  has  an 
opportunity  to  combine  with  oxygen 
in  the  presence  of  a  slag  rich  in  basic 
substances,  preferably  lime,  and  the 
reaction  will  take  place  so  much  quicker 
the  ricluT  in  lime,  and,  consequently,  the 
thicker  the  slag  is. 
As  to  the  desulphurisation  the  idea 


I — !r~r 
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ture  of  the  steel,  it  becomes  evident  that 
the  induction  furnace,  far  from  being  a 
poor  refining  apparatus  in  reality  offers 
decided  advantages  over  all  other 
furnaces. 

If  the  dephosphorisation  is  first 
considered  this  can  only  take  place  if 


of  tlie  importance  of  a  tliin  liquid  slag 
has  apparently  been  stren^hened  by 
the  experience  with  the  open-hearth 
furnace,  where  it  has  been  found  next 
to  impossible  to  eliminate  the  sulphur 
down  to  any  low  vnhie.  It  is,  however, 
to  be  remembered  that  the  difiictilties 
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in  tlie  t)pen-hearth  furnace  are  only 
based  on  its  character  as  an  oxidising 
furnace.  As  long  as  sulphur  is  com- 
bined with  iron  or  manfirane'^e  it  will  be 
unstable  and  will  travel  between  steel 
and  slag.  To  bind  it  firmly  calcium  is 
necessary,  but  how  can  it  be  expected 
that  any  calcium  should  combine  with 
sulphur  as  long  as  it  has  an  opportunity 
to  combine  with  oxyf,'en  ?  The  oxidis- 
ing atmosphere  of  the  open-hcarth 
fomace.  and  the  impossibility  of  rid- 
ding the  slag  of  the  oxides  of  iron  and 
manganese  are  the  true  causes  why  no 
desuTphurisation  is  possible  in  the  open- 
hearth  furnace. 

In  an  arc  furnace  it  may  be  of  more 
importance  to  have  a  thin  slag,  as  in 
this  type  of  furnace  the  heat  has  to  be 
transmitted  throi^h  the  slag  to  the 
metal,  but  in  the  induction  rarnace  it 
is  only  necessary  to  have  regard  to  the 
best  slag  composition  for  the  elimina- 
tion of  sulphur. 

Alto}.;*  tlx  r  excellent  results  with 
regard  to  desulphurisation  have  been 
obtained  in  induction  furnaces,  amongst 
ivhich  those  in  Domineldingen  mi^t 


be  mentioned,  where,  according  to 
analyses  published  in  Stahl  und  Ehen  of 
igii,  steel  of  0.012  pa  cent,  sulphur 
to  traces,  with  an  average  of  o.ooS  per 
cent,  sulphur  has  been  produced  out  of 
a  raw  material  containing  about  0.04 
m'T  cent,  sulphur. 

The  I)EC.\RBL  Ris.\TiON  takes  place  at 
the  same  time  as  the  desiliconising  or  the 
dephosphorisation  with  the  aid  of 
scale  or  pure  oil,  and  does  not  offer 
any  difficulties.  The  elimination  of  i 
kilogramme  of  carbon  requires  about 
5  25  kilogrammes  of  ore,  and  a  theor- 
etical energy-consumption  of  7  kilo- 
watt-huiirs  to  supply  the  heat  required 
by  the  reaction,  and  to  melt  the  ore. 

Desiliconising. — In  melting  cold 
stock  the  silicon  in  the  residue  from  the 
previous  charge,  and  also  in  the  mate- 
rials charged,  is  oxidised  in  a  very  short 
time  by  the  scale  always  present  on  the 
scrap.  If  the  furnace  is  charged  with 
liquid  metal,  the  silicon  has  usually 
been  eliminated  in  the  pre-melting 
furnace.  Should,  however,  the  steel 
contain  any  greater  amount  of  silicon, 
it  is  advisame  to  get  rid  of  it  by  a 
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special  slag  which  may  contain  up  to 

28  per  cent,  of  silica,  so  as  to  make  the 
amount  of  slag  for  the  following 
dephosphorisation  as  small  as  possible, 
and  not  containing  more  than  10  per 
cent,  of  silica. 

Dephosphoris.vtion. — As  the  de- 
phoq>horisation  of  steel  is  an  oxidising 
process,  it  is  only  natural  to  carr\'  it 
as  far  as  possible  in  a  non-ekctric  fur- 
nace. At  least  when  working  in  com- 
bination with  a  basic  open-hearth  fur- 
nace, arrangements  should  be  mailt-  and 
care  be  taken  that  the  whole  of  the 
phosphoru--  is  eliminated  in  this  fur- 
nace, so  that  the  metal  when  charged 
into  the  electric  furnace  only  contains 
the  allowable  amount  of  phosphorus. 
In  this  way  the  operations  in  the 
electric  furnace  are  very  much  sim- 
plified, as  tlie  -laii^ing,  which,  especially 
m  large  furnaces,  is  rather  hard  work 
requiring  much  time,  is  most  easily 
performed  iluring  the  transfer  from  the 
open-hearth  into  the  electric  furnace. 

The  dephosphorisation  in  the  induc- 
tion furnace  is  exceedingly  simple, quick, 
and  reliable,  and  is  more  easily  per- 
formed than  in  the  arc  furnace,  in  which 
the  strongly  reducing  character  of  the 
arc  may  cause  a  re-reduction  of  the 
phosphonis  from  the  slag  into  tiie  steel, 
if  the  slag  d«KS  not  contain  a  sufficient 
surplus  of  oxides  of  iron,  or  if  it  is  not 
withdrawn  in  tune.  In  the  induction 
furnace  it  is  only  necessary  to  pro\  ide 
the  required  amount  of  oxvcjen  in  tlie 
form  of  scale  and  of  hme  to  bind  the 
phosphoric  acid  formed. 

Besides  the  amount  of  scale  necessary 
for  the  oxidation  of  the  phosphorus,  or 
about  5  kilogrammes  for  i  kilogramme 
of  phosphorus,  a  surplus  of  scale  has 
to  be  added,  partly  to  furnish  to  the 
phosphorus  abundant  opportunity  to 
combine  with  oxyj^-en,  partly  to  make 
the  slag  more  easily  fusible.  This 
surplus  must,  however,  not  be  too  great, 
so  as  not  to  impair  the  avidity  of  the 
slag  to  become  mure  fluid  by  the 
ab»)rption  of  P.o,. 

If  this  is  observed,  and  at  the  same 
time  the  content  of  silica  in  the  slag 
is  kept  as  low  as  possible,  the  elimina- 
tion of  the  phosphorus  from  the  steel 
takes  place  very  rapidly,  and  is  very 
much  facilitated  by  the  fact  that  the 


heat  is  generated  directly  in  the  bfttb 

by  the  electric  current  passing  tlirough 
it,  thus  enabling  a  comparatively  thick 
slag  of  greatest  possible  avidity  for 
plio-^piioric  acid  to  be  used. 

The  degree  of  freedom  from 
phosphorus  in  the  ultimate  product 
with  correct  slag  treatment  depends 
alone  on  the  care  with  which  the  phos- 
phoric slag  has  been  removi-tl.  As 
the  removal  of  the  slag,  unless  it  is  done 
b\-  completely  emptying  the  furnace 
and  returning  the  metal  only,  requires 
a  great  deal  of  time  and  hard  work,  it 
is  preferable  not  to  withdraw  all  the 
.slag,  but  in  calculating  the  amount  of 
slag  necessary  to  assume  that  the 
phosphorus  has  to  be  eliminated  to 
traces.  Thus  if  the  content  of  phos- 
phorus in  a  steel  is  to  be  lowered  from 
0.06  per  cent,  to  0.0,2  per  cent.,  it  is 
sufficient  to  withdraw  two-thirds  of  the 
slag.  From  this  consideration  the 
amount  of  slag  for  the  dephosphorisa- 
tion should  be  calculated  at  50  At7o* 
grammes  for  Mch  kUogfatims  of  phos- 
phorus in  the  charge  delivered  to  the 
furnace. 

Deoxidation. — After  the  oxidising 
reactions  and  after  the  removal  of  the 

phosphoric  slag,  it  is  necessary  to 
eliminate  the  oxides  of  iron  and 
manganese  in  the  steel  and  the  slag, 
before  anv  further  refining  and  alloying 
can  be  undertaken.  In  the  induction 
furnace  this  deoxidation  of  steel  and 
slag  is  preferably  carried  out  hv  adding 
ferro-silicon  to  the  metal.  In  the  basic 
furnace  the  silicon  has  a  very  strong 
affinity  to  oxygen,  and  therefore  at- 
tacks energetically  the  easily  reduced 
oxides  of  iron  and  manganese,  if  care  is 
taken  not  to  allow  the  content  of  silica 
in  the  slag  to  become  too  high. 

The  deoxidation  of  the  dephosphor- 
ising slag  may  be  cal<  iilated  to  require : 

575  kilogs.  Si  for  i  kilog.  P. 
For  the  deoxidation  of  the  FeO  and 
MnO  dissolved  in  the  steel  there  are 
required : — 

0-875  kilogs.  Si  for  i  kilog.  O 
For  general  approximate  calculations 
the  steel  may  be  assumed  to  contain 
012  per  cent,  of  oxygen  or  1.2  kilo- 
gramme per  t(m. 

In  deoxidation  with  50  per  cent, 
ferro-sihcon  about  as  much  heat  is 
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produrt  (1  as  is  ncrt-ssary  to  melt  the 
ferro-silicon.  Thus  the  total  energy  to 
be  supplied  for  the  deoxidation  goes 
to  increase  the  temperature  of  the 
rest  of  the  dephosphorising  slag — 
up  to  the  tapping  temperature  and  to 
mtit  anil  -nptrheat  up  to  tapping 
temperature  the  slag  additions. 

For  approximate  calculations  it  may 
be  as>iim('<i  that  the  weight  of  the  rest 
of  the  pho-^  hurus  sla^  to  be  heated  to 
tapping  temperature  is  6  kilogrammes, 
and  that  the  weight  of  the  additions 
which  have  to  be  melted  and  brought  to 
tapping  temperature  is  8.25  kilogrammes 
for  I  ton  of  steel. 

In  order  to  get  rid  of  the  last  traces 
of  oxy|;en  the  use  of  ferro-silicon 
alone  will  not  do,  hut  some  aluminhun 
or  an  alloy  of  aluminium  with  silicon 
and  iron  has  to  bi'  adde<l. 

For  approximate  calculations  the 
necessary  weight  of  aluminium  may  be 
assumed  to  be  0.2  kilogramme  for  I  ton 
of  steel,  which  would  replace  about 
01 5  kilogramme  of  silic(m  or  0  3 
kilogramme  of  50  per  cent,  ferro-silicon. 

Rephosphorisation. — In  treating 
steel  which  has  been  dejihosphorised 
in  the  electric  furnace  a  reduction  of 
the  phosphoric  acid  left  in  the  slag 
after  dephosphorisation  accompanies 
the  deoxidation. 

The  reduction  of  i  kilogramme 
phosphorus  from  P^Oj  requires: — 
1. 1 J  kjlogs.  Si  for  I  kilog.  P. 
For  approximate  calculations  an 
ultimate  content  of  002  per  cent, 
of  phosphorus  or  0  2  kilogramme  phos- 
phorus per  ton  of  steel  may  be  assumed 
which  will   require : — 

0-43  kilog.  beSi.  at  50  per  cent, 
for  1  ton  of  steel. 

2  0  kilogs.  slag  for  i  ton  of  steel. 
Desi'LPHURIsation.  One  of  the 
most  valuable  faculties  of  the  electric 
furnace  is  that  of  eliminating  the 
sulphur  down  to  traces  in  a  quick  and 
ellicient  manner. 

This  is  due  to  the  neutral  or  rcdiu  ing 
character  of  the  furnace  and  to  the 
basic  hning  pernutling  tl  e  use  of  a  slag 
rich  in  hme.  The  exact  way  in  which 
the  elimination  of  sidphur  takes  place 
is  hardly  yet  ascertained.  The  author's 
view  is  that  the  conditions  for  a  quick 
removal  of  the  sulphur  are  analogous  to 


th(»sf  for  dcphosphorisati«»n.  and  that 
the  temperature  only  plays  a  subordi- 
nate role,  the  constitution  of  the  slag 
being  the  most  important  factor,  ana 
requiring  such  a  composition  that  the 
slag  will  be  eager  to  take  up  substances 
which  will  iiii  r«  asf  its  fluidity 

To  make  the  desulphunsation  per- 
manent it  is  further  necessary  that  the 

sidphur,  contaiiK'd  in  tlie  steel  as  iron 
sulphide  and  managanese  sulphide, 
should  enter  into  a  combination  which 
will  not  be  dissolvable  in  the  steel. 
The  only  such  known  combination  is 
calcium  sulphide  ^  CaS,  the  forma- 
tion of  which  thus  has  to  be  aimed  at. 
In  the  arc  furnace  the  desulphurisation 
is  obtained  by  carbon  according  to  the 
foUownng  reaction : — 

CaO  +C  +  FeS-CaS  +  CO  +  I-e. 

It  has  been  said  that  calcium  carbide, 
CaC^,  and  not  calcium  is  effective  in 
bringing  about  the  desulphurisation  in 
the  arc  furnace.  This,  however,  does 
not  seem  very  probable,  there  being  no 
apparent  reason  why  lime  should  be 
reduced,  the  oxygen  forming  CO  and 
the  calcium  combining  with  more 
carbon  only  to  give  up  the  same  carbon 
to  other  lime,  and  then  itself  combining 
with  sulphur.  On  the  other  hand,  it  is 
evident  that  the  same  conditions  which 
fa\ our  the  fonuation  of  CaC^  also  allow 
the  elimination  of  sulphur. 

riie  presence  of  CaC._,  is  thus  only  to 
be  looked  upon  a  >  ]  loof  of  the  slag 
being  completely  deoxidis<'d  and  able  to 
abMjrb  sulphur.  It  is,  however,  bad 
economy  to  try  to  ptoduce  calcium 
carbide  in  a  steel  furnace. 

In  the  induction  furnace  the  desul- 
phurisation is  much  more  quickly 
effected  by  ferro-silicon,  which  in  this 
reaction  offers  the  same  advantages  as 
mentioned  with  regard  to  deoxidation. 

As  it  is  wanted  to  form  calcium 
sulphide,  and  as  calcium  possesses  a 
very  strong  atlinity  to  oxygen,  it  is  not 
possible  to  expect  any  desulphurisa- 
tion in  this  way  before  th(>  bath  and 
the  slag  have  become  deoxidised. 
Thus,  before  any  sulphur  can  be 
removed  all  the  more  easily  reducible 
oxides,  as  phosphoric  acid,  ferrous'and 
manganese  oxides  must  be  reduced. 
After  this  has  been  effected  the  removal 
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of  sulphur  probably  lakes  place  iti  the 
following  manner : — 

The  (hsulphurisinf:  >l.iLr,  which 
mainly  consists  of  lime  unci  fluorspar, 
must  not  be  allowed  during  deoxida- 
tion  to  enrich  itself  too  miicli  in  SiOo, 
so  as  to  maintain  its  tendency  to  increase 
further  its  content  of  this  acid  consti- 
tuent. That  tendency  is  so  stnm^  if  the 
steel  contains  any  sihcon,  that  some 
calcium  is  even  reduced  from  calcium 
oviclc,  the  oxygen  conihininf,'  with  the 
silicon,  and  the  calcium  robbing  the 
sulphides  in  the  metal  of  their  sulphur, 
acjording  to  the  following;  reaction  : — 
Si  +2CaO  +2l'eS  +  Si02  =  iCaS  +  2Fe, 

It  is,  however,  also  possible  that  the 
fluorspar  in  the  stag  to  some  extent  acts 
as  a  desulphriser. 

Si  +  2CaFl2  +  2FeS  =  Sil-'l^  +  2CaS  + 
2l-e. 

The  sihcon  flvioride.  being  a  gas, 
escapes  from  the  furnace. 

I'rom  exjx'riences  with  an  arc  furnace 
the  author  has  found  that  even  with  a 
perfectly  deoxidised  white  and  falling 
slag  it  may  happen  that  no  elimination 
of  sulphur  takes  place,  or  that  at  any 
rate  it  takes  place  very  slowly.  In  all 
such  cases  it  was  found  that  the  slag 
was  verv  hii;h  in  silira  tliroufih  drip|)ings 
from  the  roof  of  silica  bricks.  The 
probable  explanation  is  that  with  too 
high  a  percentage  of  SiO^  the  slag 
h  IS  no  desire  to  increase  this  percentage 
by  giving  up  some  of  the  oxygen  com- 
bined with  calcium,  and  the  calciiun 
not  being  liberated  it  cannot  combine 
with  the  sulphur. 

In  the  case  of  an  arc  furnace  the 
carbon  will  under  certain  conditions 
rather  attack  SiO,,  forming  CO  and 
FeSi. 

In  the  case  of  an  induction  furnace, 
the  slag,  being  satisfied  with  SiOj,  will 
not  absorb  any  further  silicon  from  the 
bath,  and  will  thus  not  set  any  calcium 

free. 

If  this  be  correct  the  conclusion  must 
be  that  the  desnli^hnri-^inj,'  sla'^'  must 
not  contain  any  too  iiigli  amount  ot 

Si02. 

Analyses  of  such  slags  tend  to  show 
that  the  hnal  percentage  should  not 
exceed  25  per  cent,  of  S1O2.  This  has 
to  be  kept  in  mind  in  preparing  the 
additions  for  a  desulphurising  slag. 


wliich  should  mainly  consi>t  of  lime 
and  fluorspar,  the  latter  added  to  lower 
the  melting  j>oint  of  the  slag  and  tO 
increase  its  content  of  calcium. 

By  these  means  the  sulphur  may  be 
quickly  and  thoroughly  eliminated. 

The  minimum  amount  of  slag  neces- 
sary for  the  absorption  of  the  sulphur 
cannot  vet  be  definitely  determinul  It 
is  most  likely  that  with  increasmg 
content  of  CaS  the  avidity  for  further 
CaS  is  diminished.  To  he  on  the  safe 
side  the  author  reckons  with  a  slag  of 
not  more  than  1.33  per  cent,  ultimate 
content  of  sulphur,  or  3  per  cent.  CaS, 
corresponding  to  75  kilogrammes  of 
slag  for  I  kilogramme  of  sulphur. 

On  this  basis  the  elimination  of  i 
kilogramme  of  sulphur  requin^;  : — 
0.4375  kilog.  Si  for  1  kilog.  S. 

.\s  the  desulphurisation  takes  place 
imder  the  same  slag  as  the  deoxidation 
and  the  rephosphorisation  the  amount 
of  slag  necessar\-  tor  the-e  reactions 
may  b*-  inchuled  in  the  75  kilogrammes 
of  slag  required  for  i  kilogramme  of 
sulphur. 

Rk(  ARiu  RisiNC.  The  recarburising 
is  preferably  effected  after  the  deoxi- 
dation, so  as  to  prevent  the  formation 
of  CO  in  the  steel.  If  the  steel  has  to 
contain  a  high  percentage  of  carbon 
it  is  recommended  to  add  the  carburiser, 
charcoal,  anthracite,  retort-carbon  or 
petrol-coke  on  the  surface  of  the  metal 
after  the  ferro-silicon  for  the  deoxidation 
has  been  added,  but  before  the  bath 
surface  has  been  covered  with  the 
whole  of  the  slag  additions,  so  as  to  have 
a  clean  bath  which  will  readily  absorb 
the  carbon. 

To  get  accurate  results  the  furnace 
should,  especially  during  this  period, 
be  kept  carefully  closed. 

I'or  the  sake  of  great  accuracy  it  may 
sometimes  be  necessary  to  recarburise, 
either  by  adding  high-clns>;  pig  iron  or 
specially  prepared  higli  carlxjn  metal. 
In  recarburising  with  a  metal  containing 
V5  per  cent  of  carlxjn,  i  kilogramme  of 
carbon,  or  o.i  per  cent,  per  ton  of  steel, 
requires  28.6  kilogrammes  of  such 
metal,  involving  an  energy  expenditure 
of  12  kilowatt  hours  for  melting. 

Alloying. — On  account  of  the  possi- 
bilitv  of  completely  deoxidising  ]>otli 
metal  and  slag,  the  electric  furnace  is 
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eminently  auitabU-  for  tho  manufacture 
of  all  kinds  of  alloyctl  sti ris.  as  it  will  not 
only  save  the  losses  of  metal,  occurring 
in  otlirr  furnaces,  but  also  greatly 
facilitatr  tin-  (thtaining  of  corr«;ct 
analysi  s.  rhr<)Uf,'li  the  gentle  rotatioii 
of  the  batii  in  tlie  Frick  furnace  a 
perfect  tli-triinitinn  of  the  alloys  and  an 
absolute  uniinrniity  of  the  product  can 
be  s»M  ure(l.  The  alloys  are  added  to  the 
metal  after  the  bath  has  become 
deoxidised,  shortly  before  tapping. 

KNI-!«,V-('(>NSrMPTI(iN    AM)  KFTiri- 

ENCY.— The  electric  energy  supplied  to 
an  electric  furnace  is  spent  in : — 

1.  Electrical  losses. 

2.  Radiation  li»-><«s. 

3.  \'arious  Iusms,  as  through  open 
doors.  &c. 

Tlieorctiral  or  useful  eneruv-con- 
sumption,  >j)ent  in  melting  and  heating 
to  the  tapping  temperature  of  metal, 
allojra  and  slag. 

By  a  careful  study  of  these  different 
items  on  which  the  energy  has  to  be 
spent,  it  is  possible  to  make  exact  cal- 
culations in  ailv.uue  with  regard  to  any 
process  which  may  be  dcsircxl  to  be 
carried  out  in  the  electric  furnace. 

Kl.I  '  TKK  I.ossi:-^.  Tlie  i  lertric 
losses  in  percentages  of  the  nominal 
power  in  kilowatts  absorbed  are  given 
in  tin-  Tabl.  ^  I  ,  II.  and  III.  They 
vary  between  0  and  2.5  per  cent,  in 
steel  furnaces  of  i  to  40  tons  capacity, 
and  bt  twrt  n  and  7.2  per  cent,  in 
furnaces  for  fcrro- manganese  of  i  to  6 
tons  capacity. 

Radiation  Ldssls— After  deduction 
of  the  electric  losses  the  whole  of  the 
energy  supplied  to  the  furnace  is 
transmitted  into  the  metal  and  spent  as 
heat.  In  most  nutallurgical,  not  elec- 
tric, furn.icvs  the  heat  carried  away 
by  the  gases  is  so  great  that  the  radia- 
tion losers  become  of  less  importance. 
This  is  partlv  the  rea<on  why  no  care  is 
taken  to  h<  at-in-iil.ite  such  furnaces. 
On  the  t'tli(  1  liaml.  tlie  source  of  heat, 
coal,  is  comparatively  cheap.  In  elec- 
tric steel  furnaces,  from  which  only 
ver\"  little  ga<  escapes  and  which  use  a 
much  more  expensive  source  of  heat 
the  radiation  losses  become  of  the 
greatest  importance,  well  worthy  of 
careful  consideration. 

As  the  heat  conductivity  of  refractory 
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materials  increases  with  the  absolute 
temperature,  and  the  difference  of  tem- 
perature betvve«i  the  bath  and  the  out- 
side of  the  furnace  verv  nearly  increases 
with  the  temix'rature  of  the  bath,  the 
radiation  loss  at  differrat  temperatures 
will  ver\'  nearly  vary  as  the  squaCre  of 
the  tein[)erature. 

In  eal(  \ilatii)ns  it  has  to  be  remem- 
bered that  the  radiation  losses  go  on 
a  long  as  the  furnace  is  hot,  whether  it 
is  standing  idle,  between  the  heats  or 
over  Simdays,  or  working,  whereas  the 
electrical  losses  only  occur  while  the 
current  is  on,  and  that  the  average 
temperatun-  in  tlie  furnaci-s  varies  with 
ditierent  methods  of  operation,  casting 
temperature,  etc. 

Various  Losses.— Besides  the  above 
mentioned  radiation  losses,  the  losses 
due  to  direct  radiation  while  the  doors 
are  open  have  to  be  considered.  Such 
losses  will  he  ri msidcrabK'  less  in  an 
induction  furnace  than  in  arc  furnaces, 
in  which  the  enormously  high  tempera- 
turf  s  in  the  arc  exist  above  the  slag. 

l  urther,  the  losses  which  consist  in 
the  heat  carried  away  with  gases  and 
fumes  from  the  furnaee  may  have  to  be 
considered.  In  arc  furnaces  with  their 
enormous  temperatures  t'  ese  losses  are 
not  insignificant.  In  the  induction  fur- 
nace tlu  y  can  be  kept  sufficiently  low  to 
be  negligible,  if  care  be  taken  to  keep  the 
furnace  tight. 

THKORETirAI.  KnI :K(;V-Cc)NSrMPTION 

-  L'nder  the«»retical  energy-c»)nsump- 
tion  the  whole  of  the  useful  work  done 
in  tin-  furna<  e  is  to  be  understood,  or 
the  diflerence  between  the  energy  con- 
tained in  the  materials  leaving  the 
furnace  and  the  enerf.;y  contained  in 
the  materials  chargetl  into  the  furnace. 
This  useful  work  consists  in  : — 

Melting  and  superheating  of  the  steel 

or  ferro-inanganese  charged  ;  melting 
aiul  superheating  of  the  ailo\  s  ;  melting 
a:id  superheating  of  the  slag  ;  i)r(ividing 
the  necessary  heat  requireil  for  the 
chemical  reactions  taking  place  in  the 
furnace.  The  energy  required  for  these 
reactions  is,  however,  small  and  is 
mostly  compensated  by  the  heat 
gained  by  the  combustion  of  Si.  resp. 
other  metals. 

The  only  reaction  requiring  any 
appreciable  amount  of  heat  is  the 
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decarburisation,  which,  however,  is 
centrally  small,  and  mainly  occurs  in 
melting  cold  stix  k  whon  some  <>f  the 
carbon  is  lost  thnmgh  oxidation  by  the 
scale. 

The  followiii!^  fiirnrcs.  which  are  based 
on  theoretical  stvulio,  and  have  been 
tested  in  practice,  are  sufficiently  exact 
to  allow  the  calculation  of  the  theo- 
retical energy  necessary  for  any  process 
in  the  steel  manufacture  for  which  the 
electric  furnace  may  be  wanted  T'or 
the  sake  of  simuUcity  all  energies  have 
been  expressed  in  kik>watt'£ours  at 
857  kilogramme-calories. 

ToUl  nttffia  1,000  kiIoin^4ram<n 
of  «tcel  at  i40o*C.  -  ))o  kw.-hn. 

Bnrrgy   nrcrs..iry    In   r.ii-c  (he 

trinprralurr      of     i.imh)  kilo- 

(raniinpH  miltrii  i>trt-l  by  1*  C.        m  0*4 
Avcrafv  total  rnerxy  in  1,000 

kilosramao'*  of  mollcn  slan  at 

1400"  C .  Mklns  into  occouat 

thr  h<-at  el  formalton  of  the 

"la*   -  500  „ 

l.iuTKy    nrrr^>,iry    to    rni>v  the 

Icmprratucr     oi     1,000  kilo- 

grammr^,  mnltrn  aUg  by  i*  C...      —  o'6  „ 
BnwRy  to  txprl  the  rarbonic  acid 

Iron     1,000    kilo^Ainnm  of 

linratone,    not    inrluiting  the 

hrat    nrrrssarv   t"   raise  th* 

trniprratiin-      the  liiiir  or  the 

carbonic  arid    )oo  „ 

Kncffgy  to  dccbrburiao  t  kUo- 

uramma  carbon  or  0*1  per  cent. 

(rotii   i.non  kiJn(;r.irom«S  Sted, 

iiiiiu  iuik:  niiliiiie  and  bratinic 

of  "tr  In  (  rv-,;»rv  ■=       7  ,. 

The  energy  for  melting  and  super- 
heating the  alloys  can  be  assumed  to  be 
the  same  as  that  for  steel  Tlie  alleys 
used  in  deoxidation,  rephosphorisation, 
and  desulphurisation.  as  FeSi,  AISiFe, 
and  the  like,  do  not  re<]iiire  an\'  electric 
energy  for  melting  and  heating,  as  their 
oomottstion  provides  sufficient  heat  for 
this  purpose. 

For  approximate  calculations  the 
following  ^gures  may  be  used  : — 


In  melting  cold  stock  without  any 
refining,  with  0.15  per  cent.  Si  in  the 
materials  charfjed  and  2.1  kilnt^Tam- 
mes  I'eSi  at  50  per  cent,  for  deoxida- 
tion ;  14  kilogrammes  of  slag  per  ton 
of  charge 

I'or  dephosphorisation,  assumine;  a  slag 
with  2  per  cent.  P  or  4.5.S  per  cent. 
I*2*^« :  50  kilogrammes  of  slay  per  i 
kilogramme  P  m  material  char^jed. 

For  the  d«-sulphurising  and  deoxiilising 
slag  not  less  than  75  kilogrammes  of 
slag  |x-r  I  kilogramme  S  to  -be  elimi- 
nated. 

The  increase  of  temperature  which 
has  to  be  produced  m  the  electric 

fnrn.m-  depends  on  the  tapping  tem- 
perature and,  with  liquid  charge,  on  the 
temperature  at  which  the  charge  has 
been  delivered  to  the  electric  furnace. 

Table  A  gives  good  average  ta,  ping 
tem}>eratur.  s  : — 

.-\s  a  rule  the  temperature  of  the  steel 
from  the  converter,  or  from  the  open- 
hearth  luriuice,  is  as  high,  and  some- 
times higher,  than  the  tapping  tempera- 
ture from  the  electric  furnace. 

The  following  figures  for  the  theo- 
retical energy  consumption  under  vari- 
ous conditions  shouM  he  of  value. 

For  melting  cold  stock,  including  the 
slag  se  •  tabl   B  : — 

The  theoretical  enerizv  c<msumption 
with  cold  stock  varies  thus  between 
310  and  460  kilowatt-hours  per  ton  as 
steel,  as  against  only  20  to  65  kilowatt- 
hours  when  hot  metal  is  charged,  or  say 
seven  to  twenty  times  more  in  the  first 
case  than  the  second. 

Efficiency.— The  Tables  I..  IL, 
and  in.  ^ow  the  difference  in  the 


TappinC  tcnptralnrc  of  Ao  prr  rr-ut.  frrro-matiKanisr  ^ 
„  „  I J  i>i-r  n  ut.  iii.inRaii'-''  >t<  i  l 

„  ^  high  >arlic>ii  sl<  rl. 

^  „  low  carbon  !^t<  rt  an.I  for  »pi  i 

alloved  tteel  ood  tt*ti  for 
•t«rl  caatinf* 


'Mo'  C. 
>4S»  C. 

•  iS8o^'t6l^  C 


B 

80  per  crat.  FafrooumgaiiMr :  910  kw.  bour»  p<r  ton  at  ijjo*  C.  tapping  trmpcratufb 
11  percent.  Hangaaasoateal  :  360      „  „      „  1750*  C.     „  „ 

IfiRh  c»rbi>ii  st<*cl        .  :  410        „  „        „  l56o*  C.      „  „ 

Allovi-il        >oft  ateol  .         :  4JS       h  »  «*-5*  C.      „  „ 

Vrry  hot  ^frl         .       .  :  ^60  „         „  i6(tu'  C.       „  , 

ForrrfinlnK  li(|iiir!  ^ti-rl  from  P.  and  S.,  inclwive  the  nirliiii):  <>f  Oi<-  nM  ;«IUn  r, 

sapercrnl.  m<>n|(aii(".i' .ttrd    30  to  50  ktv.  hours  |«-r  Ion,  if  tcaippr.iturc  of  mrlal 

cbarird  i«  1  jjo  to  lAoo*  C 

Normal  «tpri.  wiihnui  any  increase  oi  temprraiiirc     ao  to  %*,  kw.  hours  per  ton.  according  to  degree  «! 

■  II  thi    'li'tri'    fllMi.lrr  ri  'l'il'.t. 

Norm  1 1  -t..[  Ml  :  ^  .  c  increaao  of  temptirnlnre  la     4010      k  v.  hourt  per  ton,  according  to  degree  of 

the  rl<-cltic  lurnace  rtbuiug. 
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^cicncy  of  the  various  furnaces : — 


Siu«lf  rinj  Doulili  ring 
furnaces      ,  Kiiriuci-j. 


<'jl>acitv  in  ton»    . .  j  o'  i  j  yo  j  anro  ,  o'b 

M.ixiinuni  <  lfi>  irm  v 
p<T  <  t  ilt.  .  ■  ■  4i 

lilficirucy,  if  »lop- 
emt.  of  tiaiF    ..  i«  ,  61     9>     jh  ^  "4  * 


70 


81  i  4S 


7i 


■3 

7«-5 


Duration  of  Hkats,  Daily  Pro- 
duction, AND  Practical  Eni-rgy- 
CONSUMPTION. — These  depend  on  so 
many  different  factors,  as  theoretical 
«nergy«COnsumption.  (Uiration  of  stop- 
pa^,  average  temperature  of  furnace, 
and  tapping  temperature,  that  a 
complet*'  tabl(>  for  all  conditions  would 
become  too  cumbersome. 

For  approximate  calculations  the 
Tablrs  (1.  ri,,  and  III.)  furnish  suffici- 
ent information  to  find  the  practical 
«nergy-consumptHyn  by  dividing  the 
assumed  or  calculated  theoretical 
energy-consumption  by  the  efficiency 
of  the  furnace,  given  in  the  tables, 
and  then  to  find  the  daily  pfoduction. 

To  obtain  more  accurate  results, 
more  elaborate  calculations  are  neces- 
sary. 

Table  I\'.  shows  such  calculations 
for  five  ditfcrcnt  cases.  The  examples 
cliosen  give  some  interesting  results, 
worth  noting. 

"N'ARiot  s  Combinations  or  Ki.kctric 
I'URNACES   WITH   (JPEN-UEARTH  FUR- 
NACES OR  Converters. 

In  considering  the  combinations  of 
the  electric  furnace  with  premeltinij 
furnaces,  the  aim  should  be  to  make 
such  dispositions  as  to  utilise  the 
specific  advantages  of  the  different 
furnaces  as  fully*  as  possible. 

Therefore  ai  oxidising  reactions 
should,  as  far  as  [Mjs^iblc,  be  carri«'d 
out  in  tlie  oxidising  furnace,  and  the 
electric  furnace  should  mainly  be  used 
for  desulphurisation.  deoxidation,  and 
alloying ;  or  for  such  reactions  which 
require  a  reducing  or  neutral  atmo- 
sphere. The  electric  furnace  may  also 
wth  great  advantage  be  used  for 
raising  the  temperature  of  the  steel 
from  that  necessary  lor  the  oxidi^ng 
reactions,  up  to  tapping  temperature. 


This  is  especially  the  case  when  the 
electric  furnace  is  operating  in  combi- 
nation witli  an  open-hearth  furnace. 
The  efficiency  of  the  electric  furnace 
is  not  very  much  influenced  by  the 
temperature  of  the  metal.  .\  20-ton 
single-ring  furnace  has,  for  instance,  a 
maximum  efficiency  of  81  per  cent, 
at  1,500**  C.  and  of  78*8  per  cent,  at 
1,600  °  C,  thus  a  vorv  small  reduction. 

In  an  open-hearth  iurnacc  the  condi- 
tions are  very  different,  because  of 
the  fact  tliat  the  useful  heat  has  to 
l»e  transferred  from  the  gases  to  the 
steel.  The  temperature  of  the  gases 
is  fairly  constant  durinir  the  whole 
charge.  As  long  as  the  stuck  is  cold 
the  amount  of  mat  absorbed  from  the 
gases  is  considerahle  and  the  efficient 
absorbed  heat 

«    is  compara- 

total  heat  in  L,'a<e-; 
lively  good.  With  increasing  tempera- 
ture of  the  steel  the  transfer  of  heat 
becomes  less,  and  finally  becomes  nil, 
when  the  difference  of  temperature 
between  the  gases  and  the  sted  has 
Ix'come  so  low  as  to  allow  t)nly  so  much 
heat  to  be  transmitted  as  is  necessary 
to  cover  the  radiation  losses  from  the 
bottom  of  the  furnace.  At  this  stage 
the  efficiency  of  the  furnace  is  o.  This 
question  of  the  efficiency  of  the  open- 
hearth  furnace  is  of  considerable 
importance  for  the  appreciation  of  the 
possibilities  of  the  electric  furnace,  but 
so  far  as  the  author  knows,  no  com- 
plete study  of  the  open-hearth  furnace 
with  regard  to  its  efficiency  during 
various  stages  has  ever  been  published. 

In  Fig.  <^  tlie  curvt^  represent  the 
case  of  an  open-hearth  furnace  working 
on  cold  stock,  each  heat  taldng  dght 
lioiirs.  compared  with  an  electric 
funiace,  supplied  from  a  gas-power 
plant,  taking  over  scnne  part  of  the 
work  from  the  O-H  fumace  towards 
the  end  of  the  heat. 

The  curve  giving  the  value  of  the 
efficiency  of  the  open-hearth  furnace 
during  the  heat  falls  from  50  3  per 
cent,  at  the  start,  when  the  charge  is 
cold,  to  5  6  per  cent,  when  the  metal 
has  become  hot,  a  value  which  is  less 
than  one-third  of  the  average  effici- 
ency, 204  per  cent.  The  curve 
showing  the  average  efficiency  from 
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beginning  of  heat  drops  from  50- 3  per 

cent,  to  20-4  por  cent,  tliat  i-.  hy 
shortening  the  time  of  the  treutmeiit 
in  the  open-hearth  furnace,  the  aver- 
age efficiency  can  be  raised. 

Now  turning  to  find  the  tutal 
efficiency  of  an  electric  furnace  plant, 
usinjj  the  same  producer-gas  as  the 
open-liearth  furnace,  tlie  following 
figures  give  a  fairly  correct  result  for  a 
large  well-designed  plant : — 

Cm  Power.i  SlMm. 


E&t  i<  nry  ii(  ))i>jli'r«  . 
„  .  iiKiiK* 
„  <1  VIM rii'i 
„  tin  Irii-  (iiriiiKc 
during  h'';ii 
Total  efficiency  nf  powrr  i 
plant  and  elrctric  fur-  ^ 


I'tr  Crtil. 
20-O 

8o'o 
18-7 


J'-r  t.i,t. 
l6"o 

Ho'o 

9i 


These  figures  show  that  the  total 

efficiency  of  the  electric  furnace  plant 
is  higher  than  the  efticiency  of  the 
open-hearth  furnace  towards  the  end 
of  a  heat.  From  the  diaf.;raiTi  it  will 
be  found  that  the  lines  representing  the 
efficiency  of  the  electric  fiimace  for 
gas  power  and  stram  resptctively, 
cut  those  representing  the  efficiency  of 
the  open-hearth  furnace,  and  that  the 
eft'iciency  of  the  electric  furnace  plant 
exceeds  that  of  the  open-heartli  furnace 
after  j.5  hours  in  the  case  uf  g;i.s  i^>owcr 
and  after  6.2  hours  in  the  case  of 
steam. 

As  gas-power  in  the  case  of  electric 
furnaces  with  a  very  high  average  load- 
factor  ahva\s  will  he  preferable,  this 
case  will  especially  be  considered. 

Another  curve  in  Fig.  8  gives  the 
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total  cnal-consumptton  per  ton  of  would  result,  thus  a  saving  of  coal  of 

stCL-l.    If  thi*  operation  could  bo  so  23*4  per  rent,  on  tlie  roal-consump- 

arrannid  as  to  keep  the  steel  in  the  tion  in  case  the  wliole  treatment  is 

open-hearth  furnace  for  only  3-5  hours,  carried  out  in  the  open-hearth  furnace, 

the  lowest  coal-consumption  of  230  where    300   Idlogranunes   would  be 

kilogrammes  per  ton,  or  23  per  cent.,  necessary. 


TABLE  IV.^ALCt*L.^T]ON  OP  TtUB  FOR  ONB  HEAT.  PRACTICAL  RHRRCV— CONSUMPTION 
PER  TON,  HBATS  IN  14  HOURS,  DAILY  PRODUCTION.  EFFICIENCY. 


Zt  I  Kiad  ol  chare* 


E  K  w.hour<»  pi-T  ton  i 


Zf  I  Type  of  f  tirn;K-<> 

I  C4i>ariiy  ol  (iiriiAC,  toiu 
Z,   Wriffht  o(  cast,  toiiA.  ■>  G 
Z,  I  Nominal  power  in  kilowatt  •  N 

Z.i    Rvqiiiml  (-lair  in  kilowatt   '  K 

Z:  j  Thrnrcli.  .il  •  iit tk  vTontuniption      _  ^  . 

Zt  I  Radiaiinn  J.>.«  ihrongb  furnace  walls  at  1500*  —  S  kw. 
Z,  ,  CharginK  ii'in|>^ritiirr,  'C 
Z,n(  Casting  tvmprratwp,  *C 
Zn|  Averafe  trnipcratura  ol  bath  —  t 

Ztt  Radiation  lois  throogh  walh  at  t'  "  i^uo« 

•I  door*  ptT  hrat  —  •  kw.  houn' 

%  m  1  +  ,  (-,  t„r  s.  R  and  a  •  x.4  4>  3.6G  for  O.  R. 


1" 


Etrctriial  iov**  in  parts  of  "  K  ** 
'■im  Duration  ol  itop*  during  and  after « 

2->i  Tlmo  for  one  heat  —  Z  hours 


I-'  *  «  1500' 


7. J.,.  K  X  il  —  .  J 


M  S  -  Zii  K  Zm 

•  triral  eHirifncv  ••  t 


-  Z^  X  Zi« 


2.^  -  -       ■  -  ' 


E  X  O  +  S  -  Zjj  +  Z,j 


K  X  (I  —  rl  X  Z  >  Z,„  X  Z,„ 
Z,s  £  G  -f  S  -f  K  X  (I  —  r)  X  Z  -  Z,,      Z.«  i 
_.      ,          .          ,     E  K  C-f-s K  X  (I  — r)  xZ  Z., 
Z-.,  Time  for  one h'*at  s  Z  —  ,j  - 

KK(l-r)  -      •  .S 

2ot;  B  M  G  -I-  •  -f  .S  -  Z..  +  Zu* 


Z..!  Z  —  S  -  Z(,  —  Z„  reMWGlively  Z,,  —  Zw 
Z„'  (Z  —  1)  X  (I  —     -       X  2„ 

ExC-l-»+J 

5'.-».i|K«-quiri  <1  !>■■»  .  r  in  kilowatt "  — j^—tjlTJI— ei  """z 

Z. 


=  Z.,.,  X  Zj, 


~                                                    K  X  (Z — Zi, 
*3i  Practical  kw-buurs  p»'r  ton—  r-  q  — 

^  jNumber  of  heats  lit  34  hours  *  C«»  'V  '^P-  2 

Z^  Prodnction  in  14  hour*  >  P>  C  x  G  «,  tons 


ElEeicncy  of  furnace  .  ^ 


z- 

z,/ 


^  100,  n 


t<K)  Z, 


(  Infliii  u>f  i>(  >t<>|»s  over  SiiikIj  v»,  ' 

Zit'  ApproximAtf  h"iir-.      •.topn  ov<t  Sllllrla^■^ 
'■  ..  ,.     ol  opi>r.ttion  in  one  ws-ek 

Z  Z 

Z,,.  XmabT  .)<   Ii<.il4  111  one  week  "  ^  ''rr»p.«-^* 
Prodiirtton  in  ton*  in  one  wei-k      '/.,  x'  Z,,  ** 
2"   Exact  h  niTi  n(  .1)1.  r.uion  in  i  w.  rk  =  Z  .„  x  Z,.  -Z    x  Z 

Z"   ^[       ..\T  Suii'l.iv-  -  ir.H  -  Z,, 

Kw-hour-  t.i  k. .  |>lurna<.<-  liot  ovrrSunday  •°S.Z,tmpa. 

2  J 

Z««  Kw.hottrs  lor  heat  during  one  wpek  -Z,,  x  Zam 
I  Total  kw-hour«  in  oti«  wrelt  m  Z^  +  Z,^ 

n  n  P«'  *<•«»  —  >^ 


z«r; 

I 


in  "i  - 


z, 


too 


K-  Mil 
»o% 
1>.  R. 

3 
I't 
4>$ 

4-5 
310 

134 
0 

i3)o» 

•JSO* 

Col.l 
Stork. 
S.  K. 

lO 

7  7 
950 

!      to  b.- 

440 
160 

0 

i«30* 

IJOO' 

1  Liqui<l 
metal. 
S.  R. 

15 

1  «35o 

13  JO 
40 
JOO 
1600* 
1600* 
I6oo* 

Liquid 
inet.il. 
S.  R. 
15 
IS 

IJJO 

300 
IflOO 

i6oo* 
isSe* 

Liquid 

1  mrtal. 
I).  R. 
*5 
25 
3300 
to  ral- 
culatnl. 

65 
29s 
IJSO 
I«00* 

1573* 

10 

160 

"75 
47 

ill 
47 

3J4 
9*4 

•08 
JO*  •••jH 

to  he 
calculated 

to*  — 'i67n 
S 

io'-'tjjH 

to  be 
Icakulatvd 

•03 
15'=  --jH 

to  be  cal- 
culated. 

■033 
jo«-*)R 

I  I") 

*• 

o'9S 

-i')t 

\ 

6b  I 

Soo 
0*966 
to  he 
cakMlaled 

1     to  be 
'ealeiilatcd 
■  •> 

f» 

0*97 

600 
«»47 

o'97 

'  tio-j 

|r>.Sf)"  s 
900 

V47 

S3t 
»»7J 

0.96S 
to  becal* 
ciliated 

161S 

•  7t« 
tobecal- 
ctdated 

n 

30a) 

1.0 

i'«73 

J-)JJ 

4S>3 
4»33 
4M 

901 

0-667  ^ 

0*932 

3041 

I'O 

o-9«g 

3IIO 

1073 

4390 

900 

134s 

3ltO 

310 

3«S 

60 

S3 

1 

•4-4 

794 

4.» 

34 

1 

30.47  • 

I« 

1668 
o'bob 

0-779 

1 

0  -ithj 

307  J 

"•7*3 

400 

0  77 

60  8  1 

77-9  j 

«.IV7 

7i'3 

77. 

«44  1 

*4 
144 

30 

»4 
144 

47  ' 

98  7  ; 

1 

a» 

140 
it 

30 

'-'3 

M4  1 
34 

06 
3400 
144 
34 

xSio 
3«40o 
33Sta 

4480 
iSiSoo 

6000 
134200 
139300 

4>oo 
153300 
tsS*toe 

70>0 
303SOO 
109*3(0 

S4« 

5»f 

ir» 

83-7 

•7*3 

3r»5 

7S 

•3-7 

70 

74-S 
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Although  the  electric  furnace  un- 
doubtedly will  come  into  exttnsivt 
use  in  combination  with  open-liearth 
furnaces,  its  imjx>rtance  will,  lujwcver, 
be  much  greater  to  the  present  Bessemer 
acid  and  basic  processes.  In  districts 
rich  in  ores  suitable  for  acid  or  basic 
working,  it  is  probable  that  the  open- 
hearth  furnace  will  soon  totally  dis- 
appear, as  the  electric  steel  then  can 
be  ])roduced  at  a  price  equal  to  or 
less  than  that  of  open-hearth  steel,  and 
of  liigher  quality.  The  difference  in 
cost  of  production  between  Bessemer 
acid  or  basic  steel  and  open-hearth 
Steel  may  be  said  to  vary  between  6s. 
and  I2S.  per  ton.  The  electric  treat- 


ment in  the  induction  furnace  costs 
from  5s.  to  8s.,  or  possibly  xos.  per 

ton,  according  to  the  amount  of 
relining  wanted,  the  size  of  the  plant, 
etc.,  thus  showing  that  the  electric 
steel  can  be  produced  at  a  lower  cost 
than  the  O-H  steel. 

Ferro-Mang.\nese.— In  dist  iissing 
the  future  «)f  tlif  electric  furnacf  in  the 
steel  industry.  Us  use  for  the  melting  of 
ferro-manganese.  to  be  added  to  steel 
from  the  ojX'n-heartli  furnace  or  from 
the  converter,  ought  to  be  mentioned. 

The  advantages  of  using  liquid 
instead  of  cold  ferro-manganese  are 
mainly :  quicker  and  more  reliable 
deoxidation,  greater  unifomiit>  uf  the 


Taklb  V.-.CALCi}LATioir  or  Cmt  or  Pmoductioii. 


Kind  of  cbarte  

Typ«  of  furnace       . .       . .       . .       . . 

Capacity  of  funiacr,  tiiti«     ..        ,.  «. 
(•reate>i  uriftht  i>(  tail,  tons 
I'ourr  riiiitiiltiptinn,  kilnvalls 

liiiic  liir  our  lirat,  hours 

Sliips  )irr  hrat,  hourn  ... 

I  hrort-tiol  cnerfy-OMttuiRptioa,  kilowali- 
hours  per  toa 

Practical  enerfy^eouttinptieii,  kilowatt- 
hours  per  ton,  inclndliig  cttcmit  for 
Sunday      ..       ..  .. 

Production  in  14  lwur>,  ton*        . .      . . 

Production  in  t  week,  ton» 

IVoduction  in  no  w<^k«,  ton« 

I'owrr  of  fan  for  rooliuK  roiU.  Kilii»atts 

Kilowatt-hour*  for  fan  per  Ion  of  sterl  — 


Kind  of  fining 


C  ost  of  lining,  indiidini  current  for  bcaUnc, 

shillings 
I'roilnrtion  on  onr  liiiiiiK  t'^M- 
Wright  ol  slag  addition^,  kiloprjiiimrs  jx-r 

ton  of  ■>lrrl 
Weight  "f  FrSi  for  ilroxi<l.»tioii,  repho»- 
J>horis.itii>n.   .iikI   iIi--<iI|iIi  iiri».iti<iii,  kilo- 
Kr.iniiiii^  1"  T  I'll!  (>!  >!•  <  I  .  , 
Wright  ol  aliiiiiiiiKiiii   lor  final  ilcoxiila- 

tion,  kilograniMi<-s  yirr  Ion  ol  sirri 
Pricr  of  rtirrrnl.  shillings  per  kilowatl-hour 
Cifil  af  proJuft'rm  per  Ion  »/ if «vf  .■— 
(.<wt  of  currrnt  for  thr  furnace.  tMIUnCS 
( osl  nf  lining,  shillings  .. 
t  o-.t  <i(  I  iirri  iit  for  (.ui.  shillings   ,.  .. 
Co»t  ui  »la^'a>lditiun!>  at  2j  sbillinfi  per 

ton.  sMiling*  .. 
Cost  of  deoxidlter*  at  aao  shiltlng*  per  ton 
Fr  Si.  anil  at  1.400  shillings  per  ton 
aliiniiniuin,  f>hillings       ..  .. 
Cost  of  labour.  •  r.ini-,  analvsis,  and  man- 

agrmrnt,  sinllini;-. 
Cost  (if  ladir,  tools  and  sundries  .. 

Total  oprratinc  cotta,  ahUllji||t  . . 

Cost  of  intrrrst,  npkrep.  and  deprceiatfon 
of  furnair  and  bttiMIng  with  crane. 

^billings      ..  .. 


ucr  cent. 
Fe.  Un. 

o.  a. 

3 

I'l 

423 

3015 

0-3 
3»o 


54* 
16-7 
98  7 
3950 
4.3 

3*3 


Friek. 


1800 


o.oj 

16-36 

•  •53 
o.  II 


Cold  Liquid 
Stock.   ,  MeUL 
S.  R.    \    S.  R. 


10 

7  7 

SO 
0167 

44» 


36-9 
215'6 
«6oo 
9'S 


6-5 


Prick. 


3800 
1390 

14 


o'  2 
o'04 

43-48 
J  "93 
0'l6 

••33 
o'7» 


I  > 

'ISO 

0333 
40 


63 
3*0 

1070 
82,800 
It-o 

0-8 

Tar- 

Oolomit. 

3700 
4140 

33 

4» 

0-  j 

O'Ol 

1-  26 
0-66 
0'03 

1*37 
I '34 


Total  cost  ol 
»billinc» 


production  \ft  lou. 

Or' 


l.lutnd 
MriaL 
S.  R. 

I  < 

I  no 

I  •  t?.- 

60 


«i6 

307  S 

IH4S 
74.000 
Ii'o 


o'9 


Frick. 


4JOO 
ll.0)0 

80 


4-» 

O'S 

0'03 

i-7« 
o-4» 

0*«3 
3*00 


Liquid 
Metal. 
D.  R. 

JJ 

-5 
itto 
«  5 
05 

63 


88 
400 
3400 
96,000 
17*0 

•  I'l 

Tar- 

M.ignrsit. 

*3 

4-» 

e*s 
o'oa 

1.76 

0-  38 

0'03 

1-  68 

f34 


0-9S 
o'sS 


7'53  !  6'85 
o'<io  0-60 


8 '03 

8/- 


7.'.'»l 


IKtmark. — Tbe  co&t»  ol  raw  material*  and  alloy*  are  not  included,  nor  the  royalty. 
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composition  of  the  steel,  avoidance 

of  hard  spots  in  the  ingots  due  to  un- 
dissolved FcMn,  and  thus  higher 
quality,  greater  siecurity  that  all 
reMn  is  absorbed  by  the  steel,  and  thus 
less  loss,  which  in  the  case  of  FeMn  in 
pieces  may  become  considerable 
through  some  of  it  getting  stuck  in  the 
slag.  The  advantage  of  the  electric 
furnace  for  the  melting  of  ferro- 
manganese  over  other  furnaces  is  again 
based  on  its  non-oxi(ii>ing  atmosphere, 
thus  avoiding  loss  of  metal. 

Comparing  the  induction  furnace 
with  tile  arc  fxirnacc  for  the  meltini,' 
of  fcrro-manganese,  the  advantages 
of  the  former  type  are  still  more 
evident  than  in  thr  ras(>  of  steel  melt- 
ing. The  high  temperature  of  the  arc 
becomes  even  more  disadvantageous 
on  arrount  of  the  greater  volatility 
of  the  manganese.  The  advantage  of 
the  shape  of  the  bath  of  the  arc- 
furnace,  allowing  a  repair  of  the  slag 
line  between  the  heats  in  the  same 
manner  as  with  the  open-hearth 
furnace,  becomes  negligible,  as  no  slag 
is  wanted,  and  thus  no  cutting  of  the 
lining  (x:curs.  The '  induction  furnace 
for  ferro-manganese  has*  a  further 
advantage  over  those  for  steel,  namely, 
the  power  factor  is  higher,  not  only  on 
account  of  the  higher  electric  resistance 


of  the  FeMn,  but  also  on  account  of 

the  much  smaller  capacity  of  the 
furnaces  for  a  certain  daily  outrat, 
due  to  the  small  casts  required.  The 
jMtwer  factor  is  in  fact  sufficiently 
hit;!!  to  warrant  the  connection  of 
furnaces  for  ferro-manganese  to  exist- 
ing power-plants  of  25  or  50  cycles 

(see  Table  IV.). 

The  melting  costs  var\'  between 
20s.  and  30s.  per  ton,  or  lie i ween  10 
and  15  per  rent,  of  the  \alue  of  the 
FeMn.  Experience  with  liquid  I'e.Ma 
demonstrates  that  a  saving  of  2o  to  40 
jHT  cent,  can  be  made  compared  with 
cold  addition.  By  prcmelting  the 
FeMn  in  the  electric  furnace,  not  only 
an  improvement  of  the  quality  of 
the  steel,  but  also  a  saving  in  cost 
may  be  gained  varying  between  5  and 
50  per  cent,  of  the  value  of  FeMn,  say 
ICS.  to  60s.  per  ton  of  I'cMn. 

Cost  of  Prodvction. — To  enter 
U|>on  an  exhaustive  discussion  of  the 
costs  of  the  electric  steel,  would  rejjuire 
more  space  than  is  available.  With  a 
view,  however,  of  conveying  an  idea 
of  the  amounts  involved  in  melting 
or  treating  steel  in  an  up-to-date 
induction  furnan  .  Table  V.  has  been 
prepared,  in  which  the  costs  have  been 
calculated  for  a  numtxrr  of  characteristic 
cases. 
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THE  DEVELOPMENT  OF  REVOLVING  GRATE  GAS 
PRODUCERS  IN  GERMANY 

By  Dtp<.  Inf.  Gwoidt 


THK  cU'uA  retjuirfiiients  of  a  '^tiod 
gas  producer  are  the  following  : 
Tlic  delivery  of  a  gas  of  high 
calorific  power,  the  nicest  complete 
combustion  of  the  fuel,  and  the  largest 
posdble  capacity.  Further,  labour 
should  !>«•  reduced  to  a  minimum  and 
there  should  be  little  wear  and  tear  on 
the  working  parts.  The  heating  value 
of  a  gas,  whidi  is  produced  without  a 
great  addition  of  steam  to  the  air 
necessary  for  gasification  depends  to  a 
large  extent  on  its  content  of  CO. 
Altliough  at  the  very  beginning  Ebel- 
men  succeeded  in  getting  with  his 
producer  of  the  blast  furnace  type  a 
gas  of  almost  ideal  composition,  many 
scientific  experiments  and  much 
practical  experience  were  necessary, 
before  any  reliable  data  as  to  the 
essential  conditions  for  the  formation 
of  CO  in  a  producer  was  arriv'cd  at. 
In  the  first  place  the  original  idea 
that  the  formation  of  CO  was  the 
result  of  the  incomplete  and  slow 
combustion,  wliicli  follows  from  the 
supply  of  too  little  air,  was  abandoned, 
and  it  was  rect^ised  that  a  hieh  tem- 
perature in  tlx'  zone  of  gasification 
was  in  the  highest  degree  favourable 
to  the  formation  of  CO.  Practical 
experience  showe<l  that  a  high  fui-l-bi'd 
is  necessary,  for  the  results  of  .scientific 
experimoits  proved  that  in  order  to 
convert  the  COj.  which  is  at  first 
formed  in  the  producer  into  CO,  a 
longer  or  shorter  period  of  contact 
with  the  glowing  fuel  is  net  essary 
according  to  the  height  of  temperature. 
Further  it  was  recognised  that  the 
durati«ni  of  contact  of  gases  depends 
to  a  large  extent  on  the  physical  nature 
of  the  fuel,  as  well  as  on  its  retention 
in  the  hot  zone  of  the  producer.  1  he 
chief  ditticulties  of  gasification,  which 


in  theory  appears  so  simple,  result 
from  the  content  of  ashes,  which  is- 
natural  to  every  solid  fuel  to  a  greater 
or  les'-er  dei^ree.  At  high  temperatures 
the  ashes  of  many  fuels  iH'gin  to  melt 
and  form  clinkers,  which  cause  too 
empty  space*^  or  become  attached  to 
the  side  of  the  producer,  su  that  a 
good  distribution  of  the  air  over  the 
cross  section  of  the  shaft  is  prevented 
and  a  certain  part  of  the  fuel  is  useless 
for  the  formation  of  gas  and  the  re- 
mainder is  blown  through  too  rapidly 
by  the  gases.  In  order  to  remedy  this 
undesirable  state  of  affairs  it  Mras 
net  essary  in  the  old  producers  to  poke 
the  fire  zone  constantly  and  clean  the 
grate  of  clinkers.  Moreover,  a  smaller 
amount  of  air  was  used  and  conse 
quently  the  cross  section  of  the  shaft 
was  not  fully  utilised.  Fuels  with  a 
hiijlii  I  percentage  of  easily  fusible 
a>li  (ould  oidy  bo  gasified  with  the 
addition  of  a  very  large  amount  of 
steam,  the  result  of  which  was  bad 
burning  out  of  the  ash.  The  frequent 
raking  of  the  fuel  round  the  grate 
caused  a  break  in  the  supply  of  air. 
an<l  a  reduction  in  th«'  production  of 
gas.  Thus  in  order  to  obtain  accessi- 
bility to  the  lire  zone  the  producers 
were  (onsiructed  with  rather  small 
cross  section. 

These,  in  short,  are  the  reascas 
win'  the  old  const  ruction  did  not 
fulfil  the  requirements  of  a  good 
producer,  and  they  sufficiently  explain 
the  fact,  that  for  several  decaties  after 
the  advantages  of  gas  firing  over 
direct  heating  with  fuel  wvrc  recognised, 
in  many  plants  where  gas  firing  was 
possible,  the  latter  method  remained 
unchanged.  It  was  only  recently  that 
a  considerable  change  took  place  in 
this  matter,  namely  by  the  Morgan 
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irodncer,  which  miuh-  continuous 
working  possible  together  with  in- 
creased capacity  and  less  attention. 
Similar  producers  were  soon  put  on 
the  market  in  Germany  specially  by 
P«>etter  and  Schmidt  and  Desgrax. 
These  producers,  which  were  con- 
structed with  an  inno'  shaft  diameter 
of  2  to  2*5  m.,  gasified  6  to  10  t.  of 
mineral  coal  per  24  hours.  The  failure 
of  the  grate  was  characteristic  of  all 
these  constructions,  as  the  fuel  lay  in 
a  pan  filled  with  water,  into  which 
the  lower  part  of  the  shaft  dipped. 
Owing  to  the  water  s?al  being  so 
cons^cted,  the  ashes  could  be  raked 
out  without  interruption  of  the  pro- 
ducer working.  The  air  was  generally 
supplied  through  a  ( •  ntral  grate, 
rismg  up  into  the  shaft  from  the  water- 
pan,  on  account  of  the  larger  shaft- 
diameter. 

The>e  producers,  which  after  a  short 
time  were  extensively  adopted,  because 
they  were  introduced  at  a  time  when 
iron  works  in  (iermany  were  being 
unusually  extended,  and  because  in 
many  cases  they  were  replacing  older 
installations,  had  nevertheless  the 
fault  that  the  ashes  had  to  be  dis- 
charged by  hand.  It  seemed,  however, 
that  mechanical  ash  discharge  woul  1 
be  suitable  for  producers  of  large 
capacity,  not  only  because  of  the 
economy  of  substituting  the  machine 
for  manual  labour,  but  by  securing  a 
more  uniform  process  of  gasificatioih. 
Intermittent  rake  ash-discharging  causes 
shifting  of  the  fuel-bed,  which  results 
in  a  certain  amount  of  disturbance  to 
the  hot  zone  necessary  for  a  rood 
production  of  gas.  This  disturbance 
was  eliminated  or  was  much  reduced 
as  soon  as  a  omtinuous  ash  removal, 
corresponding  in  quantity  to  the 
amount  of  coal  burnt  d,  was  effected. 

A  continuous  mechanical  discharge  of 
ash  was  made  possible  about  seven 
years  ago  by  A.  von  Kerpcly  with  his 
revolving  grate  producer.  In  this  the 
asli  ])an,  on  which  the  fuel-bed  rests, 
is  made  to  revolve  so  that  the  ash  is 
piled  up  on  a  sloping-plate,  fitting 
mto  it  and  is  pushed  over  the  edge  of 
the  pan.  The  grate,  which  is  tower 
shaped,  rests  on  the  ash  pan,  in  order 
to  secure  a  good  distribution  of  the  air 


over  the  whole  of  tlx;  cn)>-  M-ction  of 
the  lire  /one,  and  the  ash  discharge 
and  poking  necessary  to  every  pro- 
ducer were  made  easier  and  the 
capacity  considerably  increased.  Thu> 
in  revolving  grate  producers  of  from 
2  to  3  ni.  shaft  diameter,  15  to  25  tons 
of  mineral  coal  or  up  to  30  tons  of 
brown  coal  could  be  gasified  per  24 
hours.  Even  with  low  grade  coal 
results  were  obtained,  which  in  the 
old  producers  could  not  be  reached 
even  when  working  with  the  best  fuels. 
The  success  of  the  revolving  grate 
producer  were  caused  by  a  further 
development  of  gas  firing.  In  many 
iron-works,  a  central  installation  was 
adopted  for  gas  heating,  not  only  for 
the  heating  and  melting  furnace,  but 
also  for  the  steam-boilers  and  retorts. 
There  is  no  doubt  that  we  have  not 
yet  reached  the  end  of  this  develop- 
ment, and  efforts  are  being  directed 
especially  towards  enabling  the  pro- 
ducer to  work  economically  on  fuels 
of  the  lowest  grade. 

The  revolving  grate  producer  was 
first  employed  for  the  gasification  of 
brown  coal.  Fig.  i  is  a  cross  section 
through  a  revolving  grate  producer 
specitdly  made  for  brown  coal  and 
mineral  coal  of  low  <]iiality.  The 
jacket  "  a  "  is  supported  on  the  founda- 
tions by  three  or  four  columns.  Into 
the  shaft  jMojects  the  prate  "  h," 
which  is  built  on  the  ash-pan  "  c," 
and  revolves  with  it.  The  ashpan 
contains  water  and  is  provided  with  a 
water-seal  "  g  "  "  h,"  so  that  the  air 
and  gas  inside  the  producer  are  shut 
off  from  the  outer-air.  The  ash-pan 
connected  with  the  grate  rests  on  a 
ball-race  "  d "  and  has  a  toothed- 
wheel  round  the  circumference.  The 
l)Ottom  part  of  the  producer  is  slowlv 
revolvetl  by  means  of  the  worm  "  e 
and  the  driving  mechanism  "  f."  A 
scraper  "  i  "  is  fitted  into  the  pan  and 
during  the  revolution  it  piles  up  the 
ashes  and  pushes  them  over  the  edge 
of  the  pan.  whence  by  means  of  the 
slide  "  k  "  they  are  taken  to  a  truck. 
The  air  and  steam  are  supplied  through 
the  chamber  "  I  "  under  the  grate. 
The  top  of  the  shaft  is  closed  with  a 
cover-plate,  fitted  with  raking  and 
sight-holes  and  which  carry  the  feed- 
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hopper  "  n."  The  gas-outlet  "  o  "  is 
in  the  upp«  r  part  of  the  jacket.  The 
high  water-jacket  and  low  prate  arc 
characteristic  of  this  producer  for 
brown  coal.  According  to  the  triak 
made  by  the  Gescllschaft  fiir  Gas- 
feuerungs-Tecknik  of  Dresden,  who 
possess  the  rights  for  the  Kerpely 
patents,  this  high  water-jacket  has 
proved  to  be  very  important  for  the 
gasification  of  brown  coal. 


no.  ti— BBHSLV  OAS  rMDUCZR  MM  SAaimiia 
SROWX  COAL. 

The  object  of  employing  a  water 
cooled  jacket  instead  of  thi-  brick 
lined  shaft  usual  with  the  old  producers, 
was  to  prevent  the  clinkers  from  fasten- 
ing on  the  sides  of  the  shaft.  This 
result  is  ascribed  to  the  lowering  of 
temperature  which,  owing  to  the 
continuous  cooling  of  the  jacket,  takes 
place  in  the  hot  zone  near  the  sides 
of  the  ^Ila^t.  Tco  much  coohng, 
however,  with  certain  fuels  has  an  un- 
favourable etiect  on  the  production  of 
gas.  It  has  been  found,  for  instance, 
that  for  mineral  coal  a  considerably 
sliorter  water-jacket  (Fig.  2)  must  be 
adopted,    because    mineral-coal  re- 


quires a  higher  temperature  for  dis- 
tillation than  brown-coal.   Should  the 

temperature  of  the  gasification  zone 
be  too  low  owing  to  the  cooling  effect 
of  the  water-jacicet,  the  distillation  of 
the  coal  only  partly  takes  place  in  the 
hot  zone  and  a  gas  rich  in  CUf  is 
produced.  Subsequent  manufactuierB 
of  revolving  grate  producers  have  in 
many  cases  replaced  the  water-jacket 
by  brick  work.    Another  plan,  which 


fia.  t. — KmsraLV  uvoLvme  uatc  raooucsii  nw 
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has  also  answered  well  in  Kerpely 

producers  for  gasifying  crude  coal, 
containing  a  high  percentage  of  dust — 
which  must  not  be  cooled  rapidly  fn  m 
the  outside — consists  in  retaining  the 
water-jacket,  but  covering  it  with  a 
lining  of  firebrick  on  the  inner  side. 
Fig.  3  shows  an  outer  shell  constructed 
in  this  manner.  The  suitability  of  a 
high  water-jacket  for  most  sorts  of 
brown  coal  is  exp  lamed  by  the  follow- 
ing rirrnmstances.  As  brown-coal  is 
mure  easily  gasitied  than  mineral  coal, 
in  a  revolving  grate  producer  of  equal 
cross  section  considerably  more  of  the 
former  will  be  gasified  in  tlie  same 
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time  than  of  the  latter.  In  consec^uence 
of  the  greater  swiftness  of  the  atr  and 
pas  stnams,  the  hottee;t  zone  will 
extend  further  towards  the  top  and 
necessitate  the  sides  being  cooled  up 
to  a  hif^her  point.  On  the  other  hand, 
the  conversion  of  CO}  to  CO  is  not 
greatly  impaired  by  the  cooUng  of  the 
jacket  because,  owing  to  the  greater 


PIC.  J. — KCMMAIIH  OAS  rRODVCU. 

extension  of  the  conversion,  it  re- 
mains in   contact   with  the  glowing 
carbon  fur  a  longer  time. 

As  is  well  known,  fuels  poor  in  gas, 
such  as  anthracite  and  cokf,  arr 
gasified  with  an  addition  of  more  steam 
than  for  mineral  coal.  These  fuels,  as 
is  natural,  can  bear  more  cooling  from 
outside.  If  the  gasification  of  coke 
is  effected  with  a  small  supply  of  steam, 
a  consitU  rahlc  amount  of  heat  can  be 
transmitted  to  the  cooling  water. 
Mr.  Marischka,  the  chief-engineer  of 
the  Vienna  gas  works,  has,  following 
out  this  idea,  recently  designed  a 
revolving  grate  producer,  the  shaft  of 
which  is  constructed  as  a  steam-boiler. 
(Fig.  4.)  This  producer,  which  has 
already  been  tried  with  gn  at  success, 
pranises  to  attain  considerable  im- 
portance, especially  for  those  gas 


installations  which,  instead  of  sepa- 
rately firing  the  retorts,  have  adopted 

central  heating.  The  Ijoilcr  is  of  such 
a  construction  that  it  is  possible  to 
make  extensive  use  of  the  free  sensible 
heat  of  the  passing  gas<*s.  The  com- 
bination of  boiler  and  producer  had 
often  been  proposed  before,  but  their 
practical  working  seems  only  to  have 
become  possible  with  the  emploNTnent 
of  the  revolving  grate  producer,  which 
permits  of  a  greater  consumption  of 
fuel  and  therefore  a  greater  develop- 
ment of  heat  in  a  shaft  of  given  cross 
section. 

•Another  very  important  detail  of  the 
revolving  grate  producer  is  the  body 
of  the  grate.  This,  since  the  intro- 
duction of  the  Kerpely  producer  has 
experienced  many  transformations.  The 
adoption  of  the  producer  to  German 
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mineral  coal  took  place  first,  later  the 
body  of  the  grate  was  made  higher 
and  of  harder  material  (cast-steel). 
More  recently  it  has  been  constructed 
together  with  the  lower  division  of  the 
inner  air  chamber  as  shown  in  Fig.  2. 
This  lower  division  in  producers  of 
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large  diameter  has  pruvecl  useful,  as 
it  facilitates  an  equal  regulation  of  the 
fire  over  the  entire  cross  strtion.  It 
makes  it  possible  tu  supply  tu  the  dilier- 
ent  zones  of  the  column  of  fuel  more 
or  less  steam  and  inversely  less  or 
more  air  and  has  proved  specially 
useful  for  the  gasification  of  crude  coal 
and  other  fuels  rich  in  dust.  \vi  h 
which  the  charge  always  lies  deeper  in 
the  centre  than  on  the  outside.  Be- 
sides the  (iesellschaft  fiir  Gasfeuerungs- 
Technik  of  Dresden,  the  works  of 
Thyssen  at  Muhlheim  and  Ehrhardt 
and  Sehmer  at  Saarbriicken  deserve 
special  mention  for  the  construction 
of  these  producers. 


Mvotviac  raoDUCKK. 

The  later  forms  of  construction  of 
revolving  grate  gas  producers,  of  which 
quite  a  number  have  already  appeared 
on  the  market,  differ  from  the  Kerpely 
producer  chiefly  in  the  construction  of 
the  grate.  The  object  has  been  to 
improve  this  in  regard  to  its  two  main 
actions,  namely,  t!ie  poking  of  the 
column  of  fuel  and  the  distribution  of 
air  over  the  cross  section.  Thus, 
amont,'  others,  came  into  existence  the 
wcU-known    producers   of  Ktlimann 


(see  I'  ig.  3)  and  Hilger,  which  were  very 
successful.  Recenfly  the  Deutsche 
Hiittenbanp'sells<haft  in  Oiisseldorf 
have  come  forward  with  a  revolving 
grate  producer  based  on  the  idea  that 
the  e(|ual  distribution  of  air  is  attained 
by  means  of  the  lowest  pu«isible  air 
pressure.  It  is.  however,  important 
that  this  ecpial  tlistribution  >lioul<l  be 
continuously  maintained,  and  that  the 
slits  in  the  grate  should  not  get 
stopjx'd  up.  shown  in  l"ig.  5  the 
upper  part  of  the  grate  consists  of 
super-imposed  fan-shaped  plates  which 
overlap  m  a  direction  op|K>site  to  that 
of  revolution  of  the  urate.  Thus 
wedge-shaped  channel>,  which  arc 
wider  below  than  at  the  top,  are 
formed,  consequently  that  jxirt  of 
the  column  of  fuel  further  from  the 
centre  of  the  shaft  is  also  supplied 
with  the  requisite  amount  of  air. 
In  contra-distinction  to  the  earlier 
constructions,  no  great  stress  is  laid 
upon  the  poking  effect  of  the  IkxIv  of 
the  grate  itself.  This  is  placed 
centrauly,  and  has  round  its  circumfer- 
ence "Several  interchanf^'eahle  jiroje<-- 
tions  or  ash  chambers  which  catch  the 
ashes  in  different  parts  of  the  shaft  and 
in  this  wav  effect  a  refjular  lowerin;.;  of 
the  fuel  bed.  The  following  are  the 
results  of  a  test  with  coal  of  8.33"^  ash 
content  and  7,269  calories:— 

Gasilicatioa  cmpadty  per  24 
hours   34  tons 

Combustible  residue  in  the 
ashes  from  loo  parts  of  the 
given  fuH    0.23% 

Average  stt'uni  pressure  of  in- 
jector   0,91  Atm. 

Average  temperature  ct 
■team in BOfMr liaitw  ....  2ja"C 

Average  temperature  of 
steam  In  producer   210*  C 

Average  air  pressure   103  mm.  W.G. 

gas  pressure    72  mm  \V.<». 

.steam  <  (iiiti  iii  nf  ^as  nr/m' 

Average  conip<jsition  of  gas : 
COj    ..     4.2%  by  vol. 

0.    ..     0.0  „ 
CO     . .  26.T 
Hj      ..    II. 7 

ni^  ..3.6 

CH.     ..  0.3 
^2  551  ..    by  difference 

S      .  .  100,0",,  hv  vol. 
Calorilic  value  :  1,384  calories. m^. 
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In  contrast  with  this  method  of 
construction  the  obji'ct  of  which  is 
merely  to  effect  an  equal  distribution 


rili.    6.— KI-TII   AND    KlITriiKR     Itr  VKIVI  Nii  URATE 

OAS  rHtmi  c  ER. 


of  air,  in  other  revolving  Rratc  pro- 
ducers, great  importance  is  attached 
to  a  strong  poking  of  the  fuel  bed. 
In  this  connection  the  revolving  grate 


producer  of  de  Fontaine,  of  Hannover, 
may  be  noteil.  The  upper  part  of  the 
grate  is  mule  up  of  a  number  of  seg- 
ments of  circles,  which  act  as  crushing 
plates  and  working  in  conjunction  with 
a  worm,  which  ii  cut  round  the  bottom 
part  of  the  shaft ,  grind  up  any  clinkers. 
A  similar  effect  is  assured  by  the 
revolving  grate  shown  in  Fig.  6. 
constructed  by  Hiith  and  Roettgcr, 
of  Dortmund.  This  combination 
possesses  a  central  blast  nozzle  and  a 
annular  wind  box  surrounding  the  base 
portion  of  the  producer  immediately 
below  its  wall.  The  producci  of 
Kiippers  also  belongs  to  this  class.  In 
this  the  body  of  the  grate  and  the  shaft 
possess  knife-shaped  edges,  which  prt>ss 
into  the  fuel ;  grate  and  shaft  are 
rotated  in  opposite  direction.  Tliis 
producer  is  well  known  to  possess  an 
extraordinarily  high  capacity,  never- 
theless, the  simultaneous  rotation  of 
shaft  and  grate  has  as  yet  been  little 
imitated.  The  same  can  be  said  of 
the  so-called  "  Pilgrim  step  movement  " 
of  the  grate,  which  is  employed  in  the 
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Hilger  producer,  madt*  by  Pof'tters. 
This  movement  of  the  ash  pan  has  the 
advantage  that  the  fiR-l  bed  ran  be  kept 
in  motion  independently  of  the  quantity 
of  ashes  that  has  to  be  discharged. 
Simihir  ideas  were  pursued  in  those 
constructions  in  whicli  the  grate  has  a 
rotative  movement  independent  of  the 
ash  pan.  As  to  the  practical  success 
of  this  kind  of  grate  construction, 
compared  with  the  revolving,'  ash  pan 
with  grate  fixed  to  it.  there  arc  as  yet 
no  particulars  to  hand.  Mention  must 
also  be  made  here  of  the  efforts  to  carry 
up  tlu'  raking  effect  of  tlie  grate  tower 
to  the  highi  r  parts  of  the  shaft  by 
means  of  projections  fixed  to  the  grate. 
These  arrangements  working  in  the 
hot  zone,  even  if  it  were  an  easy  matter 
to  water-cool  them,  would  be  subject 
to  great  wear  and  tear.  Such  cooling 
can  be  better  carried  out  in  producers 
in  which  the  raking  arrangements  arc 
led  in  through  the  cover  plate  of  the 
shaft.  In  this  rase  the  stirrers  gener- 
ally serve  only  to  rake  the  coking  /.one 
when  gasifying  caking  fuel. 

Everv  improvement  in  gas  heating 
means  a  more  economical  use  of  the 
natural  fuel  supplies  available  to  us. 
Steel  works  engineers,  whom  we  have 
to  thank  for  the  first  producers  con- 
structed, have  for  70  years  been 
earnestly  emphasising  the  nect-ssity  for 
such  economy.  Among  others,  Bischoff 
and  Ebelmen  hoped  to  obtain,  by 
means  of  tlie  development  of  gas  firing, 
a  means  of  making  the  utmost  possible 
use  of  the  enormous  amount  of  low 
grade  fne-,  the  combustion  of  which 
till  then  as  uneconomical.  But  begin- 
nings of  much  promise  were  followed 
by  a  period  of  standstill, which  only  by 
recent  successes  has  been  transformed 
into  progress. 

Also  the  attempts  to  gasify  in  the 
revolving  grate  producer  inferior  kinds 
of  brown-coal  and  even  the  washing  and 
sortings  from  the  preparation  of  fine 
coal,  appear  possible  from  resnlt-^  al- 
ready obtained.  Ihe  most  important 
achievement  of  the  revolving  grate 
producer  in  recent  times  is  in  any  case 
Its  adaptability  to  fine  grain  fuels,  such 
as  coal-and  coke-dust,  which  are 
ditTicult  to  gasify  and  often  form  the 
refuse  of  mines,  steel,  gas,  and  railway 


works.  As  has  been  stated  the  revolv- 
ing grate  producer  has  been  applied 
to  the  consumption  of  crude  coal  with 
high  dust  content  with  the  greatest 
success,  and  the  author  had  the  o^^pjr- 
tunitv  of  seeing  at  an  iron-works  in 
the  neighbourhood  of  the  Saar,  an 
installation  of  12  producers  at  work,  in 
which  a  gas  of  not  more  than  1-2  per 
cent,  by  volume  of  COj  and  having  a 
calorific  value  of  from  1200-1300 
calories,  was  obtained  from  mineral 
coal,  which  cost  9  marks  per  ton  at 
the  mine,  while  the  price  of  ordinary 
so-called  gas  coal  was  15  marks  per 
ton.  The  ashes  seemed  to  be  well  burnt 
out. 

The  suction  gas  plants  made  by  the 
firm  of  Julius  Pintsch.  Berlin,  for  fine 
grain  fuels  such  as  fine  anthracite,  coke 
breeze,  tinlM)x  dust  have  been  well 
known  f<)r  tlic  last  five  years.  These 
plants  w  hich  have  been  provided  for  a 
number  of  railways  in  Prussia  and  other 
German  states  for  gasifvnng  the  dust 
drawn  from  the  locomotive  fire  boxes, 
consist  of  step-grate  gas-producers.  The 
step-grate  gas-prodtuer  was  formerly 
considered  suitable  chiefly  for  the  gasifi- 
cation of  fuels  of  fine  grain,  becauM-  it  is 
easier  in  it  to  maintain  automatically  a 
low  and  i  ven  depth  of  fuel-bed.  These 
step-grate  gas-producers  must  in  any 
case  bf  clrani'd  bv  hand,  owing  to  the 
high  percentage  of  ash  in  fine  grain 
fuels,  which  makes  the  working  more 
exi)ensi\'e.  On  account  of  the  low- 
depth  of  the  fuel  bed  with  which  these 
producers  work  a  pas  rich  in  COj  is 
delivered  which  is  suitable  for  gas 
engines,  but  not  for  some  kinds  of 
heating  purposes. 

One  of  the  firms  whicli  have  gasified 
fine  grain  fuels  with  success  in  a  pro- 
ducer with  mechanical  ash-discharge  is 
the  Maschinenfabrik  Augaburg-Num- 
berg.  The  Niirnberg  gas-producer  for 
line  grain  fuel  has  a  diameter  of  2103 
m.  and  is  about  \  m.  high.  The  lower 
part  of  the  bricklining  of  the  shaft  is 
constructed  with  water-cooling.  The 
ash  pan  possesses  the  usual  water-seal 
and  carries  a  step-formed  grate-top. 
The  ash  pan  is  not  continually  revoh  ed, 
but  from  time  to  time  by  means  of  a 
worm-gear,  thus  discharging  the  ashes 
from  the  producer.  For  producing  the 
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air  for  gasification  a  suction-fan,  placed 
behind  the  waslier,  is  used.  In  order  to 
overcome  more  easily  the  resistance  of 
the  proportionately  high  bed  of  fuel, it 
has  been  found  useful  to  assist  the  suc- 
tion fan  by  means  of  a  steam-blower, 
placed  in  the  air-main  leading  to  the 
grate.  A  number  of  such  producers  are 
working  successfully  in  the  gas  works 
of  Berlin  and  Munich.  As  the  produced 
gas  is  used  for  driving  gas-engines,  the 
producers  are  in  connection  with  clean- 
mg  plants,  in  which  the  gas  is  com- 
pletely freed  from  tar  and  dust.  Accord- 


ing to  the  statement  of  the  firm,  0.35  0.7 
kg.  of  coke  breeze  arc  necessary  to 
produce  i  H.P.  hour.  Owing  to  the 
cost  of  the  cleaning  plant  this  t>'pe  is 
only  suitable  for  large  installations,  i.e., 
those  of  at  least  200  H.P.  upwards. 
Trials  which  were  made  with  the 
Xiirnberg  small  coal  gas  producer  at 
the  "Consolidation  III. /IV."  mine 
have  shown,  that  from  coke  ash  or 
from  a  mi.\ture  of  2  3  coke-ash  and  i  3 
pea-coke,  a  gas  having  a  calorific  value 
of  1,000  to  1,100  calories  was  obtained, 
its  composition  l)eing  from  10  to  12 
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per  cent.  CO*  by  vol.,  16-20  per  cent. 

CO,  and  17-K)  \nr  C(>nt.  Hj.  I'rom 
the  liitih  content  of  hydrotzrii  in  the 
gas  it  must  be  inffrnxl  that  thi'  f^asifi- 
cation  was  clfectecl  with  the  supply  of  a 
ronsiiUTablc  amount  of  steam,  and  tlmt, 
thereh)re,  a  large  part  of  the  steam 
passed  through  the  producer  without 
being  decomposed.  (3n  cleaning  in  the 


than  fonnerly  appeared  possible  when 

gasifying  fuels  of  tine  grain.  This  pro- 
ducer Jsec  I'ig.  7)  |X)sscsses  a  shaft 
in  the  lower  part  of  which  a  Mrater- 
jacket  is  constructed.    The  fire-brick 

lining  as  it  goes  upwards  is  at  first 
considerably  reduced  in  diameter,  and 
then  widens  out  again  into  a  gas 
collecting  space  measuring  about  1.8 


Dumetfr  of  Producer. 


Kiad  of  Fuel. 


Colli)  lit  uf  Carbon  in— 

I  IK  I     ..   ,     ..  .  vtt.\ 

UdUT  ..        ..        ..        ..        .,  M 
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washer,  the  steam  is  chiefly  condensed. 
For  direct  employment  in  smelting 
furnaces,  i.e.,  making  use  of  its  sensible- 
heat,  a  gas  GCmtaining  a  greater 
amount  of  steam  would  not  be  suitable. 

Kerpcly  himself  has  recently  produced 
a  new  type  of  the  revolving  grate 
producer,  which  is  known  as  the 
"  high  pressure  prod  acr,  "  anil  renders 
possible  the  gasihcation  of  line  grain 
fuels  without  the  ;iil(liti<)ii  of  a  larger 
Steam  .supply.  The  characteristic  of 
thisconstruction  is  the  possibility  of  an 
unusually  hii^Ii  air  pn^^ure  from  400 
to  700  mm.  W  .tj.  when  gasifying,  by 
means  of  which  a  distribution  of  air 
reaching  over  tlii^  wliole  cross  section  of 
the  producer  and  a  uniformly  rapid 
gasification  is  accomplished.  On  account 
of  the  high  air-pressure  it  is  practicable 
to  maintain  a  greater  height  of  fuel-bed 


m.  diameter  at  the  top.  This  naturally 
facilitates  the  s«'paration  from  the 
stream  of  gas  the  portit)ns  of  fuel 
carried  away  by  it.  Ai  the  bottom 
the  sliaft  is  closed  with  the  usual  re 
volving  ash  pan  with  eccentric  tower 
grate. 

I  lie  top  jiart  of  the  grate  is  pierced 
not  by  sills,  but  by  a  great  number  of 
fine  holes,  which  break  up  the  air  into 
numerous  fine  streams,  so  that  it  is 
distributed  over  the  whole  mass  of  fine 
fuel.  The  ash  pan  possesses  no  water- 
seal.  be<  au^e  the  water  would  be  blown 
out  of  it  owing  to  tlie  high-pressure. 
Instead  of  having  a  water-seal,  the 
wh<  lie  of  the  b<ittom  part  of  the  producer 
is  enclosed  by  an  air-tight  iron  casing, 
and  is  connected  only  at  the  point  of 
ash-discharge  with  a  reservoir  out  of 
which  the  ashes  arc  emptied  at  intervals 
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by  tlic  ftpeninu  of  a  IxII-stojijKT. 
Already  dillcrent  kinds  of  infcriur  fuels 
have  biecn  dealt  with  in  the  high  pres- 
sure prodiiror  with  much  success. 
From  the  foregoing  table,  for  which  the 
author  has  to  thank  the  Gesellschaft 
fiir  Gasfcnrninps-Tcchnik,  it  ajiprars 
that  the  performance  of  the  producer 
with  regard  to  the  calofific  vatiie  of 
the  S'l^  -i"^  well  as  to  the  complete 
combustion  of  the  fuel,  is  scarcely 


surpassed  by  a  producer  working  with 
g(K»d  mineral  coal. 
The  Introduction  of  the  revolving 

t^rate  producer  certainly  represents  a 
considerable  advance  in  gas  production 
practice,  and  the  further  development 
of  tills  system  will  have  to  be  directed 
towards  dealing  with  the  difficulties 
aristngfromahigh  percentage  of  ash.and 
securing.;  an  economical  combustion  of  in ■ 
ferior  fuels  especially  those  of  fine  grain. 


THE  PANAMA  CANAL 

lis  CUMMEkClAL  ECONU.MIC  SIGNIFICANCE. 

By  Jobs  Sluaft*  B.A  (OaeiO' 

{KfpnnUd  Iritm  The  Soulk  Amtfiran  Y.-ar  Book.) 


THE  economic  consequences  of  the 
opening  of  the  canal  will  be  far 
rtarhin^  and  will  affect  to  a 
greater  or  lesser  degree  nearly  every 
country  in  the  world,  from  the  Republic 
of  Panama  itself  to  the  Kastern  shores 
of  the  North  Atlantic  and  the  Western 
shores  of  the  Pacific.  In  the  first 
place  it  will  aid  materially  in  fostering 
economic  progress  in  the  State  of 
Panama  through  which  it  passes,  and 
will  lessen  the  economic  stagnatkm 
and  political  instability  of  many 
adjoiiung  states  in  Central  and  South 
America,  alon^  tlif  Pacific  Coast. 

The  Republic  of  Panama  is  in  the 
enviable  position,  from  a  peace  point 
of  view,  of  being  a  State  without  an 
army,  and  vet  one  which  is  more 
assured  ui  peace  than  any  of  the  other 
Central  of  South  American  republics. 
It--  military'  weakness  is  a  political 
necessity,  like  the  weakne.ss  of  Kou- 
mania  and  Holland,  at  the  mouths  of 
the  Danube  and  Rhine.  Tlic  politii  al 
interests  of  the  great  commercial 
nations  demand  that  important  com- 
mercial waterways  like  the  Panama 
Canal,  the  Danube  and  the  Rhino 
should  be  contiguous  to,  or  held,  by 
powers  which  are  too  weak  to  tie  them 


up.  The  ab.seiue  of  a  Panamanian 
army  and  the  existence  of  an  ample 

canal  zone  are  the  best  guarantiee  (»f 
the  independence  of  the  Panama 
Republic.  Had  this  State  not  been 
detached  from  tlie  C<ilombian  federa- 
tion, the  fate  of  the  latter  haggling  and 
turbulent  republic  would  have  been 
X  all  d  effectually  as  was  that  of 
ligypt  when  the  working  of  the  Suez 
Canal  passed  into  the  hands  of  the 
British  Govemm«'nt. 

The  opening  of  the  canal  will  in- 
augurate the  construction  of  high  roads 
ancl  railways  whi<  h  has  hitherto  been 
held  in  chei  k  by  the  ease  and  cheapness 
of  coastwise  and  river  tra\el.  W  e  hnd 
the  same  backwardness  of  railway 
constnictif>n  in  countries  like  Colombia 
and  Nicaragua,  which  have  considerable 
river  communication,  as  contrasted 
with  States  like  Costa  Rica,  Ciuatemala, 
and  Mexico,  where  there  is  a  com- 
parative poverty  of  water  communica- 
tion. The  new  Panama  railwavs  will 
run  along  or  near  the  Pacific  Coast 
where  the  bulk  of  the  population  is 
located,  though  even  here  it  is  very 
scanty. 

The  opening  of  the  canal  is  destined 
also  to  change  fimdamentally  the 
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cuniinuiiicuiiuns  ot  Western  Eurupe  as 
well  as  the  Eastern  seaboard  of  the 

United  States  witli  tli«'  W'cstirn  coast 
of  the  whole  American  Continent  from 
Vancouver  as  far  south  as  Valparaiso 
unless  tlie  traftic  throu^'li  the  canal  is 
interfered  with  by  prohibitive  tolls. 
It  will  revolutionise  the  conditicms  of 
trade  and  intercourse  between  the 
eastern  and  western  states  of  the  whole 
American  continent  ;  between  Penn- 
sylvania and  California  as  well  as 
between  Chile  and  the  Arj^eiitine. 
The  portion  of  llie  United  States  coast 
which  will  benefit  most  by  the  openinf; 
of  the  canal  will  probably  be  the  (iulf 
coast,  the  products  of  whose  hinter- 
land, both  industrial  and  agricultural, 
will  be  divertetl  from  their  present 
outlets  on  the  New  York  and  Chesa- 
peake bays  to  seek  markets  on  the 
eastern  and  western  coasts  of  the 
Pacihc.  Behind  the  Gulf  ports  of 
Mobile  and  New  Orleans  lies  a  dense 
population,  largely  industrial,  eager  to 
consume  tropical  produce,  and  at  the 
same  time  anxioiH  to  find  a  maiicet 
for  their  industrial  products  in  Pacific 
ports. 

The  opening  of  the  canal  will  shift 

several  of  the  great  trade  routes  of  the 
world.  It  will  shorten  by  one-half  or 
more  the  sea  distance  from  all  north 
Atlantic  ports  to  the  P;u  itu  ports  of 
America.  The  distance  ht  twcen  New 
York  and  the  western  P.iciliv  sea-board 
north  of  Panama  will  be  shortened  by 
iS,4i5  miles,  and  the  ilistance  bt-twi-en 
New  York  anci  the  Pacific  ports  south 
of  Panama  will  be  shortened  by  5,000 
miles.  It  will  bring  the  Atlantit  coast 
of  the  United  States  nearer  to  Austraha 
and  Japan  than  is  any  northern  Euro- 

pi-an  port.  Liverpool  is  now  1,142 
miles  nearer  to  Australian  harbours 
than  is  New  York,  but  after  the  canal 
is  oj)ened  it  will  be  2,j<S2  milt  s  further 
off  than  New  York,  a  difference  of 
3,524  miles.  Hence  in  the  competition 
for  Australian  markets  New  York  will 
have  a  good  start  over  any  ports  of 
England,  France,  or  Germany.  Fur- 
ther, New  York,  Boston,  and  Phila- 
delphia will  be  placed  on  even  terms 
with  Liverpool.  London,  and  Hamburg 
in  relation  to  sea  distance  from  all  the 
coast  of  China  between  Hongkong  and 


Tientsin.  West  of  Hongkong,  how- 
ever, the  Suez  Canal  will  be  shorter  to 

the  Orient  for  l>oth  European  and 
American  ports  of  the  North  Atlantic. 

It  now  remains  to  consider  the  effect 
which  the  Panama  Canal  will  have  on 
the  economic  development  and  com- 
mercial relations  of  Latin  America. 
Trustworthy  authorities  tell  us  that 
the  population  of  Spanish  |  America 
did  not  in  the  year  1900  exceed  that 
of  the  Spani^li  colonies  a  hundred 
years  before.  W  lien  we  think  of  the 
enormous  possibilities  of  the  rich 
alluvial  plains,  the  tropical  forests, 
the  extensive  pastoral  uplands  and  the 
vast  abundance  of  its  precious  metals, 
we  might  well  be  amazed  that  this 
S()uth  .\nierican  continent  should  have 
been  allowed  for  .so  long  a  period  to 
remain  undeveloped  while  at  the 
northern  end  of  that  continent  the 
United  States  has  developed  to  an 
extent  unparalleled  in  history.  It 
has  been  customary'  to  temi  .\frica 
"  The  dark  Continent,"  but  the  fact 
remains  that  there  is  to-day  no  part  of 
the  earth's  surface  which  is  K  ss  known 
than  are  vast  areas  of  tlie  interior  of 
South  America.  There  can  be  little 
doubt  that  the  20th  century  is  destined 
to  see  an  enormous  economic  de\'elop- 
ment  of  Latin  America  comparable  to 
that  of  the  United  States  in  the  19th 
century.  This  development  will  Ix? 
hastened  in  the  early  decades  of  the 
prchi'iit  century  by  the  opening  of 
the  Panama  Canal  and  in  the  late 
decades  by  the  construction  of  a  great 
Pan-American  railway  from  Canada 
to  PfttogQnia,  which,  pa.ssing  longi- 
tudinally along  the  Central  Andean 
valleys  and  plateaus  will  link  together 
the  various  States  which  it  traverses, 
and  by  making  connections  with  trans- 
versal railways  leading  to  either  ocean 
will  a  I  ford  read  \-  access  to  its  virgin 
and  unexplored  interior. 

The  countries  of  Latin  America 
whose  trade  and  economic  develop- 
ment will  be  affected  by  the  opening  of 
the  canal  ma^  be  grouped  in  four 
classes.  The  nrst  class  includes  those 
rountrii's  wliose  fwaboard  is  confined 
to  the  Atlantic  Ocean  or  Caribbean 
Sea,  viz. :  Argentine,  Uruguay,  Brazil, 
the  three  Guianas,  Venezuela  and 
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British  Honduras.  Tlie  trade  of  these 
countries  will  only  he  affected  indirectly 
because  of  any  shan-  they  may  acquire 
in  the  general  impetus  i^iven  by  the 
canal  to  trans-Atlantic  coinnierce.  It 
is  even  possibk-  that  the  trade  of  some 
of  them  may  suffer  because  of  tlie 
dislocation  of  existing  routes. 

The  second  i^roup  includes  countries 
wliich  have  no  seaboard  on  eitlier 
ocean.  Of  these  there  aie  only  two: 
Bolivia  and  Parag\iay.  It  18  unlik(»ly 
that  Paraguay  will  be  affected  in  any 
way  by  the  opening  of  the  canal  route, 
since  its  products  will  reach  the  Atlantic 
by  way  of  the  River  Parana,  or  will 
|Kiss  over  recent  Brazilian  and  Argen- 
tine railways  to  ports  on  the  Atlantic. 
On  the  other  hand  the  economic 
development  of  Bolivia  will  be  affected 
considerably ;  Bolivia,  that  Switzer- 
land of  South  .America,  which  is  now 
progressing  rapidly  because  of  the  new 
railways  that  have  been  and  arc 
still  beint^  constru<  ted  with  British 
capitah  La  l\iz,  the  pivot  of  the 
Bolivian  railway  system  is  in  com- 
municatif)n  with  Antofagasta,  Arica 
and  Mollendo  on  the  Pacihc  coast, 
and  these  lines  will  enable  some  pro- 
portion of  the  products  of  Bolivia  to 
be  captured  for  the  Panama  Canal 
route.  But  a  large  proportion  of 
these  Bolivian  products  will  be  diverted 
from  the  Pacific  seaboard  to  the 
Atlantic  through  Brazilian  terntor\' 
by  way  of  the  MadeiraMamore  rail- 
way, and  also  through  Argentine  terri- 
tory by  way  of  the  Ujnini-Tupiza  Hne 
wlii<  h  supplies  a  long-needed  connection 
with  the  Argentine  railway  system  at 
La  Quiaca. 

The  third  group  includes  countries 
whose  ports  are  confined  entirely  to 
the  Pacific  coast  :  these  are  El  Salva- 
dor, P>uador,  Peru,  and  Chile.  The 
Republic  (A  VA  Sal\a<lor  wlm-se  imports 
come  from  (ireat  liril.iin,  the  United 
States,  Germany,  and  France,  and 
who^e  exports  go  to  the  I'nited  States 
and  France,  will  benefit  by  the  Panama 
Canal,  as  it  has  already  benefited 
hv  the  opening  of  the  Tehuantepec 
Railway,  which  runs  along  the  Mexican 
depression  once  proposed  as  the  site  of 
an  inter-oceanic  canal.  Shnrtlv  after 
the  opening  in  1907  of  the  Tehuantepec 


Railway,  arrangements  were  made  by 
the  Salvador  Railway  Company  to 
establish  a  weekly  steamship  cfimpany 
of  its  own  between  .\cajutla,  the  jxjrt 
terminal  of  the  Salvador  Railway,  and 
Salina  Cniz.  .\s  Acajutla  is  only 
thirty-six  hours"  steam  from  Salina 
Cruz,  the  weekly  service  of  steamers, 
proceeding  direct  fr<'in  .\cajutla  to 
Salina  Cruz  without  any  uitermcdiatc 
calls,  enables  Salvadoreans  to  reach 
Mexico  City  in  less  than  four  da\s  and 
New  York  in  less  ilian  a  week.  Jen 
years  ago  Salvadoreans  could  hardly 
reach  New  York  in  less  than  a  mnnth 
whether  they  travelled  via  San  I  ran- 
cisco  or  via  Panama.  With  the  open  ing 
of  the  Panama  Canal  those  exports  of 
Salvador  which  go  to  the  United 
States  will  probably  continue  to  reach 
that  country  -ria  the  Tehuantepec 
Railway,  while  those  which  go  to 
France  and  other  parts  of  Europe  will, 
partly  or  altogether,  probably  reach 
their  destination  i-in  the  Panama  Canal.' 
The  adxanlage  to  the  other  three 
republics  of  Ecuador,  Peru,  and  Chile 
will  be  chiefly  (hu-  to  the  shortening 
of  route  via  Panama  as  compared  with 
its  distance  by  way  of  Magellan  Straits. 
The  canal  will  give  a  great  impetus  to 
the  Pacific  coasting  trade  of  South 
America,  which  was  once  almost 
entireK-  in  the  han<U  of  two  British 
companies  (Royal  Mail  Steam  Packet, 
and  the  Pacific  Steam  Navigation) 
(^)nipanirs,  Init  which  is  now  keenly 
conipeted  for  by  German.  French, 
Itahan,  and  Dutch  shipping  companies. 
And  this  competition  is  havini;  an 
excellent  eiiect  in  stimulating  the 
economic  development  of  the  three 
republics.  Guayaquil  has  now  a  repu- 
tation nearly  as  unsavoury  as  that 
which  Santos,  the  coffee  port  of  Sao 
Paulo,  once  had,  but  in  anticipatioii 
of  the  opening  of  the  canal  even  the 
backward  inhabitants  of  Ecuador  are 
now  waking  up.  It  is  probable  that 
verv  soon  their  pest  sjiot,  Guayaquil, 
will  be  purified  and  rendered  as  safe 
as  has  been  successfully  accomplished 
in  the  cases  of  Havana,  Santos.  Rio  de 
Janeiro.  \  era  Cruz,  and  Colon,  where 
similar  swamp  conditions  were  once  as 
deadly. 

A  sunilai'  change  is  affecting  these 
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other  states  whose  outlets  are  situated 
exclusively  on  the  Pacific  Coast  and, 
more  ^spiM-ially  the  Rciniblic  of  Chilf, 
whose  Cioverninent  lias  recently  under- 
taken a  most  ambitious  scheme,  the 
Longitildinal  Railway  nf  Chile,  wliicli 
extends  from  Cabildo,  near  Valparaiso, 
on  the  south,  to  Arica  on  the  north, 
whence  a  railway  runs  to  La  Paz. 
Thus  the  southern  portion  of  Chile 
will  be  brought  into  direct  touch  with 
Bolivia.    The   natural   diflicultics  to 
be   overcome   by   this  Longitudinal 
Railway  arc  often  very  serious,  since 
spurs  irom  tlie  Andes  run  across  to 
the  sea  and  cut  the  country  up  trans- 
versely into  a  series  of  enclosed  valleys 
and  mountain  ranges.   The  railway 
will  give  an  outlet  to  the  agrirtiltural 
products  of  these    rich  valleys,  and 
make  Chile  less  dependent   on  the 
nitrate  industry,  the  fliut nations  of 
which  have  such  an  influence  on  its 
financial  position.    It  will  also  connect 
up  the  different  railways  which  run 
from  the  coast  to  the  interior  and 
which  are  at  present  isolated  from 
eacli  othrr,   and  will  render  possible 
the  journey  from  Bolivia  to  Valparaiso 
and  Santiago  and  other  places  further 
south.    It  has  also  great  importance 
from  an  international  standpoint.  When 
in  future,  passengers  from  the  United 
States    have    reached    La    Paz,  th» 
capital  of  Bolivia,  it  will  be  possible 
for  them  to  proceed  to  Patagonia  by 
the  weH=developed  Argentine  system, 
or  to  Southern  Chile  by  this  Longi- 
tudinal Railway.    By  the  end  of  the 
present  decade  of  the  20th  century 
the  only  gap  in   this  Pan-.\nierican 
railway  will  be  between  Lima  in  Peru 
and  Darien  in  Panama,  and  even  that 
will   be   interrupted   by   j>ortions  in 
Northern  Peru.  Ecuador  and  Colombia. 
All  these  States  are  capable  of  enormous 
development,  and  herein  lies  a  funda- 
mental difference,  as  regards  com- 
mercial   significance,    betwe^  the 
Panama  and  the  Suez  Canals.  The 
Suez  Canal  was  constructed  at  a  com- 
paratively low  cost   and  connects 
Europe.  Asia,  Africa,  and  .Australia, 
continents  which  contain  much  the 
largest  share  of  the  population  of  the 
earth.    On  the  other  hand,  the  Panama 
Canal  cost  a  vast  amount  of  money. 


and  the  Western  Pacific  coast  of  the 
American  omtinent  which  it  connects 
with  Europe  and  the  ICastern  States, 
is  not  at  present  comparable  in  com- 
mercial importance  with  India  and 
the  East  Indies  which  are  similarly 
served  by  the  Suez  Canal.  Convenient 
access  was  afforded  by  the  Suez  Canal 
to  countries  which  had  already  attained 
to  a  high  degree  of  economic  develop- 
ment, as  well  as  to  an  archi)K'lago 
and  an  island  continent  of  great 
possibiUties.  The  vast  cxpansinti  of 
trade  which  followed  its  opnung 
resulted  in  its  great  hnanciid  success; 
its  original  shares  multiplying  a  dozen 
times  in  value,  and  the  dividend  paid 
to  its  shareholders  reaching  as  nigh 
as  26  per  cent.,  a  percentage  greater 
than  even  Count  de  Lesscps  considered 
desirable,  holding  that  excessive  profits 
should  be  applied  to  the  reduction  of 
the  dues  payable  by  shipowners.  The 
construction  of  the  Panama  Canal,  on 
the  other  hand,  precedes  the  expected 
development  of  the  regions  to  which  it 
opens  a  convenient  door,  for  the  par- 
tially barren  west  coast  of  Soutli 
America  lies  close  to  the  great  Andean 
zone  of  lofty  valleys,  plateaus,  and 
parallel  Cordilleras,  all  teeming  with 
the  precious  metals  in  almost  fabulous 
abundance — the  real  El  Dorado  of 
the  future.  But  this  vast  amount  of 
mineral  wealth  must  be  exploited  to  a 
much  greater  degree  than  at  present  is 
possible  because  of  the  lack  of  clwap 
transit  on  high  roads  and  railways, 
before  the  Panama  Canal  can  be 
expected  to  reap  any  advantage.  The 
difference  between  the  two  canals  is 
comparable  with  that  between  a  rail- 
way constructed  in  the  early  fifties 
to  serve  a  populous  region,  and  one  of 
the  trans-Continental  pioneer  lines 
of  Canada  or  the  United  States  which 
precedes  the  economic  development  of 
the  regions  through  which  it  passes. 

The  fourth  group  includes  countries 
with  ix)rts  on  both  roasts,  viz.  :  Canada, 
the  United  States,  Mexico,  Columbia, 
and  all  the  Central  American  States 
except  Salvador.  These  have  all  rail- 
way communication  from  ocean  to 
ocean  with  the  exception  of  Honduras, 
Nicaragua  and  Colombia.  In  Costa 
Rica  the  United  States  Fruit  Com- 
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pany's  line  extends  from  Portj  Limon 
on  the  Caribbean  Sea  up  tlie  deeply 
eroded  valley  of  the  Revcntazon  River, 
past  the  capital,  San  Jose,  to  Alajuela 
on  the  Pacific  Slope.  The  Costa  Rica 
Government  constructed  a  line  from 
San  Jose  to  the  Pacific  coast,  and  these 
two  railways  constitute  an  inter- 
oceanic  route  which  can.  however, 
never  seriously  compete  for  thruu}<h 
traffic  with  the  Panama  Canal.  The 
same  applies  to  the  interoceanic  route 
through  the  Republic  of  Guatemala, 
formed  also  by  two  railway's,  one  from 
Port  Barrios  to  the  capital  and  the 
second  from  the  latter  city  to  San 
Jose  de  (iualemala.  There  remain  to 
consider,  therefore,  only  the  Tehuan- 
tcpec  Railway  and  the  trans-Conti- 
nental railways  of  the  United  States 
and  Canada. 


Of  thesi,'  the  most  formidable  com- 
petitor is  the  TehuanteiH'C  Railway, 
which  at  present  because  of  its  extreme 
shortness-  less  than  2o<)  miles — and 
its  fjood  management,  competes  seri- 
ously with  the  trans-Continental  lines 
to  the  nt)r(h  which  arc  over  a  dozen 
times  its  length.  Both  the  Tehuan- 
tepec  Railway  and  the  Panama  Canal 
will  provide  convenient  outlets  for  the 
enormous  tracts  t)f  land  that  in  North- 
Western  Canada  are  now  being  fast 
settled  by  Hnglish  and  Scotch  colonists. 
The  grain  and  fruit  of  these  fertile 
regions  as  well  as  the  timber  and  fish 
from  their  virgin  forests  and  teeming 
waters  will  reach  Euroix*  in  large 
quantities  by  the  short  land  route 
and  the  still  shorter  waterway 
which  are  both  situate  far  south  in 
the  tropics. 


Current 

Geared  Turbine  Ship  on  Itle  of  Man 
Service. 

WE  recently  crossed  from  Liver- 
pool to  Douglas.  I.O.M.,  on 
the  new  Isle  of  Man  Steam 
Packet  Co.'s  geareil  turbine  steamer, 
the  Kin^  Orry.  She  has  been  in  service 
since  the  middle  of  July,  and  great 
interest  is  being  shown  in  engineering 
circles  in  the  performance  of  the 
vessel,  on  account  of  the  propulsion 
system  with  which  she  is  equipped. 


The  principal  dimensions  are  : — 312 
feet  by  43  feet  by  24  ft.  9  in.,  and  the 
service  speed  is  about  21  knots.  The 
King  Orry  carries  a  crew  of  about  75 
persons,  and  has  a  passenger  capacity 
of  about  1 ,600.  The  vessel  is  provided 
with  nine  water-tight  bulkheads,  which 
extend  to  the  upper  deck,  the  water- 
tight doors  (on  the  Stone  Lloyd 
system)  being  capable  of  being  closed 
from  the  bridge.  Of  chief  interest, 
however,  is  the  propelling  system. 
There  are  two    high  and   two  low 
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Eressure  Parsons  turbines  of  the  coin- 
ined  impulse  and  reaction  type,  one 
hi^h  and  one  low  prt'>sun'  turbine 
being  coupled  to  each  of   the  two 
propeller  shafts  through  double  helical 
gearing.    The  propeller  shafts  make 
300  K.P.M.,  the  high-pressure  turbine- 
2,400   R.P.M.,    and  the  low-pressure 
machines   i,6ou    K.P.M.    The  total 
power  is  S.ooo  II. P.    Tliere  are  two 
sets  of   double   helical   gear  wheels, 
each  consisting  of  twu  pinions  and  one 
spur  wheel,  the  pinions  being  niounti  il 
on  the  high  ami  low-pressure  turbnie 
shafts,  and  both  meshing  with  the 
single   spur  wheel   on    ttx'  piopelle- 
shaft.    Lubrication  of  gears  and  bear- 
ings is  by  a  special  sprayed  and  forced 
system.    The    nni^i-    finin    the  gear 
appeared  to  be  quite  unobjectionable 
although  perceptible.    It  is  understood 
that  experiments  are  to  be  made  with 
laggings  for  the  gear  cases  to  reduce 
still  further  the  small  humming  note 
that  is  at   present  noticeable.     I  In 
humming  only   seemed    to  ol)trude 
itself  upon  one's  notice  during  periods 
of  acceleration,  as  when  leaving  the 
Liverpool  stage  and  when  manncuvring 
at   Douglas    Pier.      Moreover  the:e 
seemed  to  be  considerably  less  vibration 
apparent  than  is  the  rase  on  manv 
turbine-driven     steamers — than,  lor 
instance,  on  the  Viking,  owned  by  the 
same  comj)any.    Perhaps  this  is  due 
in  a  measure  to  some  damping-out 
tendency  in  the  gearing.   The  King 
Orry  is  certainly  a  worthy  addition  to 
what  is  already  a  most  comfortable 
line  of  steamers,  and  the  slight  per- 
manent list  witli  which  slie  seems  to 
be  afflicted  at  present  was  not  appre- 
ciably apparent.    The  builders  of  the 
Kitic    Orry    were    Me>srs.  Camniell, 
Laird  &  Co..  Ltd.,  of  Birkenhead. 


The  Rise  in  Wages. 

ACCORDLNG  to  a  Board  of  Trade 
report,  just  issued,  the  year  191 2 
witnessed  a  very  substantial 
rise  in  wages,  a  rise  sj)read  over  a  wicle 
field.  The  weekly  amount  of  the 
advance  was  £139,000,  for  1,818,000 
workers,  which  repn-^i  nts  ;i  yt  arl\- 
increase  of  over  seven  millions.  These 
figures,  however,  only  deal  with  certain 
trades  and  are  exclusive  of  changes 


atfecting  railwaymen,  seamen,  and 
agricultural  labourers,  many  of  whom 

also  received  advances  during  the 
same  period.  Moreover  the  unreported 
changes  in  unorganised  trades  are  also 
not  taken  into  account,  and  as  these 
trades  have  been  affected  by  the  same 
causes,  it  is  very  probable  that  the 
average  wage  here  has  also  undergone 
an  advance.  It  is.  then-fore,  seen  that 
the-  rise  has  been  a  very  large  one,  as 
indeed  was  to  be  expected  during  the 
period  of  trade  pros]icrity  and  from 
the  need  of  meeting  the  concurrent  rise 
in  the  cost  of  living.  This  aggregate 
advance,  whi(  h  has  lieen  aca)mpanied 
by  a  decrease  in  working  hours,  is  in 
excess  of  that  for  any  previous  year 
exce])t  that  for  1900  an<l  l^O/  years 
of  exceptional  prosperity.  Calculating 
from  1893  and  settmg  off  the  periods 
of  depressed  trade  and  decreased  wages 
against  periods  of  prosperity  and 
increased  wages,  there  is  still  a  net 
wi  i  kly  increase  of  ^467,000.  Thi-  high 
water  mark  for  the  present,  however, 
has  not  bem  reached  f(H*  dmnng  the 
lirst  eight  months  in  this  year  w  ages 
have  risen  at  an  accelerated  rate,  the 
total  increase  for  this  period  being 

freater  than  that  for  the  whole  of  1912. 
he  analysed  statistics  are,  of  course, 
not  yet  available,  but  probably  the 
year  1913  will  create  a  record. 

In  tlie  engineering  and  shipbuilding 
trades  -275,297  workers  received  in- 
creases amounting  to  £23,888  per 
Week,  among  which  one  of  the  most 
important  increases  was  5%  on  piece 
rates  and  is.  per  week  on  time  rates 
to  42,000  people  in  federated  shipyards 
on  the  North-East  Coast,  the  Clyde, 
and  East  Coast  of  Scotland.  Reduc- 
tions of  hours  in  these  groups  of  trades 
amounted  to  34,090  per  week,  aHecting 
16,90s  persons. 

A  New  Type  of  War  Vessel. 

WITH    the    launch    of  H.M.S. 
Aurora,    another  practically 

new  type  of  vessel  makes 
its  appearance  in  the  Navy.  Laid 
down  on  October  24th,  1912,  at  Devon- 
port  Dockyard,  she  was  launched  on 
October  ist,  ioi3- 

By  the  entire  substitution  of  oil  for 
coal  fuel  a  considerable  saving  in 
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This  photograph  was  taken  itniiir<li.ilrly  aftrr  hrr  laiiiu  h.       Hiillt  at  IVvoiiport  Dockyard,  ^h^•  i>  tl'r  lir>t  of  ii 
iifw  tjp«',  uil  (u«-l  "  Uc4lri>y«T  l)r>tr<'yfr-,"  iil  ^ixtl;<■ll  ntv  to  bo  built. 


weight  was  effected,  and  although  410 
ft.  long  the  displacement  is  only  about 
3,500  tons.  The  turbines  develop 
30,000  horse  ijowcr,  and  a  speeil  of 
thirty  knots.  This  vessel  might  aptly 
be  termed  a  super-ilestroyer  for  her 
chief  role  is  to  be  the  destruction  of 
destroyers,  for  which  her  great  speed 
combined  with  other  (jualities  is 
eminently  suitable.  It  is  in  fact 
another  instance  of  the  curious  evolu- 
tion which  is  being  witnessed  in  modem 
naval  design.  As  the  torpedo  boat 
gradually  became  merged  in  the 
destroyer,  or  rather  vice  versa  for  the 
destroyer  is  now  really  a  torpedo  boat 
— and  as  the  large  cruiser  is  becoming 
identified  with  the  battleship  under  the 
style  of  battle-cruiser,  so^this  new 
arrival  threatens  to  merge  the  light 
cruiser  and  ocean-going  destroyer.  i-"or 


it  must  be  rcmcmbereil  that  such  a 
vessel  as  this  will,  in  addition  to 
destroying  torpedo  craft,  be  available 
for  commerce  prottrction. 

Consitlerable  st  crecy  is  being  main- 
tained with  regard  to  the  armament, 
and  other  tletails.  It  is  surmised  that 
she  will  carry  two  0  in.  and  ten  4  in. 
guns,  and  liave  a  vertical  armour 
protection  of  a  thickness  on  the  water- 
line,  varying  from  five  inches  to  two 
and  a  half  inches  at  stem  and  stern. 

The  Aurora  is  the  first  of  eight  ships 
of  her  class  provided  for  under  the  i()i2 
estimates,  while  another  eight  are 
included  in  the  current  programme. 

These  vessels  were  described  by  Mr. 
Churchill  in  the  Huuse  cf  C-.  mmons  as 
the  smallest,  cheapest,  and  fastest 
vessels,  protecteil  by  vertical  armour, 
ever  projected  for  the  British  Navy. 
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A  New  French  Dreadnought 

TURNING  from  our  own  to  the 
I-Vfiich    Navy,     wt-     have  to 
record  the  launch  of  the  super 
Dreadnought  Lorraine.     She  is,  of 

roiirso.  tlte  tliinl  of  tlu-  Brcta::.nc 
type,  of  which  two  were  launched  in 
the  early  part  of  this  year. 

According  to  the  Tt'h-.iraph.  she  is 
541  ft.  in  Icngtli,  51  ft.  in  beam,  with  a 
draught  of  29  ft.  0  in.  and  a  displace- 
ment of  23,550  tons.  With  a  horse 
power  of  2o,(K>o.  It  is  estimated  that 
she  will  attain  a  speed  of  21  knots.  The 
main  annament  will  consist  of  ten  13.5 
in.  guns  with  a  secondary  battery  of 
twenty-two  5.5  in.,  and  four  submerged 
tubes.  The  large  guns  are  in  five 
double  turrets,  giving  a  fire  of  ten  guns 
on  eitlier  broatlsidc. 

The  time  taken  since  this  vessel  was 
!ai<l  down  as  compared  to  the  time 
taken  with  the  two  sister  ships,  shows 
a  distinct  reduction,  being  10  months 
only,  whereas  11^,  montlis  elapsed 
between  the  laying  down  and  the 
launch  of  the  other  two  vessels.  In 
fact,  it  i>  satisfactory  to  note-  that  a 
distinct  improvement  in  the  regularity 
of  naval  construction  is  characterising 
the  present  administration. 

The  ne.xt  group  of  capital  shi|)s 
due,  the  Xormandv  class,  will  represent 
another  adxaiuc.  They  will  carry 
twelve  inste  111  of  ten  i  5.5  inch  guns  in 
three  quadruple  gun  turrets— an 
entirely  new  departure — with  twenty- 
four  5.3  in.  and  si.x  submergeil  tubes. 
Their  engines  will  be  more  i)owerful, 
developing  32,600  h.p.,  giving  a  speed 
of  21.5  knots. 


The   "Model  Engineer"  Exhibition. 

THE  biennial  exhibition,  held  at 
the  Horticultural  Hall.  West- 
minster, from  October  roth 
l8th,  was  the  fourth  of  the  series,  the 
first  having  been  held  in  1907,  and  its 
stan<lard  of  excellence  was  more  than 
maintained.  A  very  comprehensive 
range  of  models  was  on  view,  and  the 
newer  branches,  such  as  wireless 
telegraphy  and  aeronautics,  were  well 
represented.  A  special  room  was 
devoted  to  each  of  these,  a  complete 
working  installation  of  wireless,  with 


a;rial  on  the  roof  of  the  hall,  having 
been  erected. 

Apart  altogether  from  the  popular 
interest  attaching  to  such  exhibitions, 
there  is  a  very  valuable  practical  side, 
ff)r  it  is  beyond  dispute  that  model 
making  by  boys  forms  a  very  valuable 
basis  of  technical  training.  But  what, 
perhaps,  struck  us  most  was  the 
variety  of  calUngs  in  which  these 
model  makers  were  engaged.  'Fhere 
was  a  beautifully  finished  model  of 
an  express  locomotive  by  a  butcher, 
and  a  hydroplane  by  a  grocer,  to  quote 
but  two  cases.  Indeed,  the  majority 
of  the  models  had  been  made  by  those 
whose  only  interest  in  engineering 
was  as  a  hobb\  As  very  many  ot 
those  builders  luul  n<'ver  had  anv 
training  in  michanics,  or  instruction 
in  the  use  of  tools,  one  cannot  help 
feeling  that  their  inherent  mechanical 
instinct  must  be  very  strong.  Nor 
can  one  help  thinking  what  a  vast 
amount  of  mechanical  genius  is  prac- 
tically running  to  seed,  and  how  many 
men  who  ought  to  be  engineers  are 
engaged  in  professions  for  which  they 
are  totally  unsuited.  or  where,  at  least, 
their  mechanical  gifts  are  altogether 
wasted. 

This  is  the  sort  of  thing  that  brings 
home  to  us  the  necessity  of  extending 
technical  education,  so  that  those  who 
have  talent  may  develop  it  in  time  to 
put  it  to  practical  use. 


Ittteraational  Blcctro-T«eliaifiat 
ComnusBion* 

THE  fourth  annual  report  of  this 
b(jdy  once  again  bears  witness 
to  the  practical  nature  of  the 
work  done.  The  necessity  for  inter- 
national uniformity  of  terminologx- 
and  technical  ijtandards  is  too  apparent 
to  need  labouring  here. 

It  is  interesting,  however,  to  note 
that  the  Commission  is  not  confining 
itself  too  strictly  to  merely  electrical 
matters.  At  the  Turin  meeting  attention 
was  drawn  to  the  fact  that  much  in- 
convenience is  often  caused  to  electrical 
engineers  by  the  lack  of  uniformity  in 
the  definitions  of  apparatus  used  in 
hydro-electric  and  steam-electric  in- 
stallations, and  a  Committee  was 
appointed  to  report  on  the  matter. 
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Siru'c  the  ])\ibliratiun  of  this  report 
the  Plenary  mettiiiu  lias  been  lield  in 
Berlin,  and  a  niimbrr  of  d*  imitions  deal- 
ing with  hydro-t  kc  trie  work  were 
finally  adoptt d.  In  addition  an  Inter- 
national Standard  f<tr  copper  was 
agreed  to.  so  that  in  fnturr  all  tables 
for  copper  will  be  calculated  on  an 
identical  basis,  which  will  undoubtedly 
pro\-e  a  preat  convenience. 

It  is  satisfactory  to  know  that  the 
work  of  the  Cummission  is  being 
recognised  by  many  Governments, 
and  is  receivmg  grants  in  aid  from 
several. 


Tke  First  OU  Piwl  Battteship. 

THE  launch  of  H.M.S.  Queen 
Elizaheth  marks  a  new  era  in 
warship  buiUlinp.  She  is  to  be 
driven  entirely  by  oil  fuel— no  coal 
whatt'ver  beint,'  used  she  carries  eight 
of  the  new  i()-in  guii'^.  besides  sixteen 
6-in.,  and  she  is  did  t(»  secure 
prott'ction  from  attac  k  by  aircraft.  In 
all  these  respt'cts  she  is  unicjue.  She  is. 
moreover,  the  largest  ship  yet  con- 
structed for  the  Navy,  having  a  dis- 
placement of  27.500  tons,  length  of 
050ft.,  beam,  94  ft.,  and  mean  draught, 
2^|ft.  Her  engim-  (1  arsons'  tur- 
bines) will  develop  ^^,0  o  shaft  horse- 
power, which  will  give  her  a  speed  of 
about  .50  knots,  and  her  ro>t  when 
complete  will  be  probably  over 
£2,300.0  o.  She  was  oullt  at  Forts- 
mouth  Dockyard,  and  there  are  four 
sister  ships  under  construction  at  the 
present  time. 

The  "Volturno"  Disaster. 

THE  past  month  has  indeed  been 
a  black  one    in    its  rec<»rd  of 
disasti  r,  and  once  again  the  world 
has  been  shocked  by  an  appalling 


tragedy  at  sea.    Many  lives  have  been 
lost,  and  rightly  or  wrongly  the  public 
are  lM*ginning  an  agitation  for  the 
revision  of  fire  extinguishing  arrange- 
ments.   1  lowever  perfect  such  arrange- 
ments may  be,  at  sea  as  well  as  on 
land,  there  always  will  remain  the  risk 
of  fire.     At  the  present  juncture  the 
facts  are  not  sufTiciently  well  known  to 
offer  an  opinion  as  to  whe  ther  the 
arrangements  for  fire  fighting  on  the 
Volturno  were  satisfactory  or  other- 
wise, nor  can  any  good  purpose  be 
served   by   rushing   into   print  with 
articles  calculated  to  lessen  the  con- 
fidence of  the  public.    Such  disasters, 
howev<  r,  rail  for  calm  and  intelligent 
investigation,  in  order  that  they  may 
serve  as  a  means  of  guidance  for  pre- 
venting—  as  far  as  jx)ssible  -  their 
repetition.    In  an  early  issue,  therefore, 
and  when  full  information  is  at  hand, 
we  shall  publish  an  article  dealing  with 
the  whole  question  of  tire  prevention 
in  ships,  with  special  bearing  upon  the 
recent  sad  occurrence. 


The  Liverpool  Accident, 

FOLLOWING  hard  on  the  heels  of 
the  \'(>Uurtw  tragedy,  cam(>  the 
pit  disaster  in  W  ales  and  the  rail- 
way smash  near  Liverpool. 

In  regard  to  the  latter,  information 
seems  tu  point  to  the  fact  that  it  is 
another  of  those  accidents  that  may 
be  clas-iti(  (l  as  preventable.  In  our 
October  number  we  published  an 
article  on  cab  signals  and  train  stops, 
and  it  was  shown  that  several  of  the 
recent  railway  disasters  would  have 
been  impossible  had  such  a  system 
been  in  vogue.  The  Liv^erpool  smash 
seems  to  come  within  the  category  and 
we  have  in  course  of  preparation 
another  article  dealing  further  with 
this  important  question* 
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The  South  American  Year  Book- 
The  Louis  Cattler  Ca.1*  Ltd.,  LMdoo.  t9t3.3tt.&l. 

Orlt. 

Considering  the  amount  of  English 
capital  invested  in  Soiitli  America,  as 
well  as  the  growiiifj  commercial  and 
political  importance  of  the  South 
American  States,  it  is  a  matter  of  con- 
siderable sur])rise  that  tio  such  volume 
dealing  with  the  whole  of  South 
America  has  previously  been  published. 
Si-(  tiiinal  year  books  dealinj;  with  one 
or  utiier  of  the  countries  have  appeared 
but  probably  the  difliailty  and  expense 
of  collecting  and  collating  infnrniation 
covering  so  wide  a  field  has  deterred 
the  undertaking  of  so  large  a  task. 
Tlie  pre'^ent  volume,  however,  certainly 
tills  the  gap  in  most  satisfactory  man- 
ner with  a  mass  of  comprehensive 
information  relating  to  the  whole  of 
South  America.  It  is  well  illustrated 
with  specially  prepared  maps  showing 
the  latest  railway  construction  and 
with  numerous  photographs  of  places  of 
interest. 

The  year  book  is  divided  into  two 
parts,  the  first  dealing  exhaustively 
with  the  railways  of  each  state,  giving 
the  various  lines,  legislation  relating 
to  them,  gan^i's,  and  other  technical 
details,  latest  returns  available,  &c. 
Part  II.  gives  a  short  historical  sketch 
of  each  country,  lists  of  diplomatic 
and  consular  representatives,  and  of 
foreign  firms  trading  there,  postal, 
telegraphic,  shipping,  banking  and 
financial  information,  together  with 
many  other  matters  of  interest  to 
business  firms*  financiers,  and  all 
others  connected  in  any  way  with 
South  .America.  Now  that  such  a 
book  is  available,  none  such  can  longer 
afford  to  be  without  it. 


Engineering  aa  a  Profession. 

liy  A.  P.  M.  Flrmiac.  M.I.U.U..  and  R.  W.  Uaiivy, 
U.Sc,  John  Long.  Ltd.,  Lniidon,  1413.  n.  6d. 
nri. 

Owing  to  the  lack  of  cohesion  that 
e.xists  in  the  profession,  there  is  no 


organised  body — a«  in  Law  and  Medi- 
cine— ^to  draw  up  regulations  for  the 
education  and  training  of  the  young 
engineer.  Much  has  been  written 
from  a  theoretical  point  of  view  as  to 
the  manner  in  which  the  various  por- 
tions of  such  training  should  be 
correlated,  etc.,  but  the  volume  Ix'fore 
us  is  a  book  written  on  eminently 
practical  Hn<"^  intended  for  the  guidance 
of  pardit-  and  guardians,  and  it 
certainly  appears  to  us  that  the 
subject  has  lieen  treated  in  a  most 
comprehensive  manner. 

The  various  branches  of  the  pro- 
fession are  described  and  the  estimated 
cost  of  training  is  given.  The  chapter 
devoted  to  the  means  of  obtaining  a 
thorough  training  at  minimum  expense 
should  ]>rove  of  particular  interest  to 
those  of  limited  means.  Lists  of 
firms  taking  apj)rentices  are  given, 
together  with  brief  particulars  as  to 
length  and  course  of  instruction. 
Then  having  dealt  with  the  education 
of  the  engineer  the  authors  review  the 
api)ointments — Government  and  other- 
wise— open  to  them  and  the  means  of 
obtaining  such.  This  is  certainly  a 
b<)ok  that  should  be  read  by  every 
parent  who  is  considering  engineering 
as  a  prospective  profession  for  his  boy. 


A  Text  Book  ol  Band  Metaltargy. 

Vol.  J.   Second  Rdition.    I,andon  :  Chat.  Gritta 

.HI  I  I   .     I  ,;i  J.     J  K,  nrt. 

The  two  volumes  of  this  publication 
are  complete  in  themselves.  This, 
the  first  volume  of  a  second  edition, 
with  12.S  illustrations,  ic  written  by 
nme  authors  and  deals  with  the  Rand 
and  its  mines  on  general  lines,  with 
sub'^equent  chapters  on  Sorting  and 
Breaking,  Stamp  Milling,  Tube  Milling, 
Sand  Treatment,  Precipitation, 
Clean  up  and  Smelting.  Assaying,  and 
Testing  Chemistry.  There  is  a  final 
chapter  with  tables  and  report  forms. 
Each  chapter  being  written  by  a 
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speciali!st  in  one  particular  detail  is 
thus  likely  to  be  more  definite  and 
certain  than  it  could  be  in  any  single 
author  treatise.  But  the  practice  on 
the  Rand  is  perhaps  somewhat  stereo- 
typtnl  in  some  respects,  such  as  tube 
milling.  Is  it  so  certain  that  the 
tube  mill  is  one  half  so  efficient  as  its 
rapid  adoption  would  lead  one  to 
imagine  ?  Is  it  not  a  sort  of  cult  ? 
Etoes  the  Conical  Mill  receive  the  atten- 
tion its  principles  entitle  it  to  do  ? 
and  has  any  trial  ever  been  made  with 
positive  grinders  on  the  lines  of  Hoyle's 
Mill,  so  very  successfully  used  in 
cement  prindmp  ?  The  wear  of  the 
tube  mill  seems  enormous. 

The  Rand,  as  a  great  mining  fact, 
stands  (piite  al^ne.  Never  before  has 
there  been  such  a  concentration  ot 
eflfort  on  a  mass  of  low-grade  pro- 
positions which  liavf  Ix-rn  energetic- 
ally exploited  by  powerful  appliances. 
Rand  mining  has  become  an  industry 
on  the  lines  of  cotton  spinning,  and 
this  book  tells  the  stoiy. 

The  Cyanide  Process  ol  Gold 
SxtractioB* 

By  JkniM  Pkrk.  jlh  rdiiiAii.  Limdon :  Chas- 
Grimn  4k  Co.,  Ltd..  1913.    H;6  nrt. 

This  book  is  a  complete  treatise  on 

the  subject  of  cyanidini;  for  gold 
recovery,  the  chemical  side  of  the 
question  being  the  author's  strong 
point.  Cyanide  of  potassium  is  jvr- 
haps  the  most  deadly  poison  ever  to  be 
employed^in  industry  on  a  lai^e  scale, 
yet  few  accidents  happen.  Let  us 
say  that  the  chapter  on  antidotes 
appears  wrongly  placed  at  the  end  of 
the  book.  It  would  be  Ix-tter  in  the 
front  and  the  book  might  well  start 
with  a  short  direct  caution. 

Cyanide  is  itself  exposed  to  many 
dangers.  In  chemical  theory  it  will 
dissolve  forty  times  as  much  gold  as  in 
practice  proves  to  be  the  case.  The 
difference  appears  to  be  due  chiefly 
to  metallic  constituents  in  the  ore. 
The  cyantding  process  depends  for  its 
efficiency  upon  bringing  the  solution 
to  the  gold.  This  necessitates  hne 
reduction  of  the  ore  for  a  bit  of  gold 
cannot  be  touched  if  it  is  in  the  middle 
of  a  grain  of  silica.    Hence  the  rise  of 


fine  grinding  of  the  ore,  a  process  that 
has  brought  to  the  front  the  tub<>  mill. 
.Ml  mining  men  appear  to  pin  their 
faith  to  the  common  tube  mill.  But 
this  contrivance  is  at  best  a  imde 
machine,  and  the  cone  pebble  mill 
appears  to  us  better  calculated  to  do 
the  work  efficiently.  But  we  wonder 
that  the  positive  grinder  of  Hoyle 
has  not  been  nuKiifird  to  suit  the 
mining  industry.  Cyaniding  is  an 
art  which  requires  ix)th  chemistry 
and  engineering  to  make  a  success  of  it. 
The  mming  man  can  find  in  this  book 
an  that  is  to  be  known  on  cyaniding. 


Carburation  in  Theory  and  Practice* 

l«v  KiilM-rt  W.  A.  Brrurr.    Cro»b)r,  LorkwiMHl  A 

Sun.     I.iiixliin.  .^4.  iH'tt. 

This  volume  is  intended  as  a  manual 
of  reference  for  automobile  engineers 

and  owners,  and  appears  to  iis  to  cover 
the  ground  in  excellent  fashion.  .-\s 
the  author  states  in  the  preface,  the 
subject  of  carbnration  is  one  which  is 
vital  to  the  automobile  movement, 
and  at  the  present  time,  in  view  of  the 
ris<*  into  prominence  of  petrol  sub- 
stitutes, is  of  special  importance. 
Although  the  subject  has  received  a 
large  amount  of  attention  from 
engineers,  apparently  no  book  has 
been  Mrritten  dealing  exclusively  and 
compn^iensively  witli  tlic  cpiestion. 
This  volume  is  well  illustrated,  and  as 
the  author  discusses  the  matter  from  a 
practical  as  well  as  a  theoretical 
point  of  view  in  order  that  actual 
economies  in  working  may  be  effected, 
it  is  one  that  should  be  in  the  hands 
of  all  owners  who  take  an  intelligent 
interest  in  their  cars. 


f  Qf  Qgmillyii  lioilleri  aeil  Bm^ms* 

Bv  I.lrnrllvti  V.  Lu<lv.  M.F..  .^inpriran  ScIhmI  nl 
Ciirri  ^imriilrni  <  .    1  tm  JKit.  i     SdM     by  CrwUjr 

Liu  kvxHMl  \  Si«ii,  l.onilon.    4>.  h<l.  iirit. 

This  little  book  is  divided  into  two 
parts,  the  first  giving  an  historical 

survey  of  locomotive  developments, 
and  the  second  dealing  more  par- 
ticularly with  the  various  parts  and 
auxiliaries,  including  a  section  on 
signalling  (American  system).  .Although 
intended  as  an  elementary  text  book, 
a  certain  amount  of  technical  know- 
letlge  seenxs  to  be  pre-supposed.  The 
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handbook  is  well  illustrated  and  inter- 
esting, and  for  those  students  pos- 
sessing such  knowledge  appears  useful. 


Portlwr  Problems  in  the  Thaory  aa4 
Design  of  Structures. 

By  Kwart  S.   Aiulrfw*.  B.Sr.    t  li.ij.tn m   \  Halt. 

Intended  to  supplement  Mr.  Andrews' 
previous  work  on  the  same  subject, 
the  volume  b(  fore  us  is  an  advanced 
text  book  dealing  with  several  problems 
of  importance  to  engineers  omitted 
from  the  earlier  one.  At  the  risk  of 
laying  himself  open  to  criticism  on 
account  of  undue  length,  the  author 
has  given  nearly  every  Step  in\()I\ed 
in  the  niath<niatieal  processes,  for  he 
has  found  that  many  students  hnd  it 
impossible  to  bridge  for  themselves 
the  i^'aps  frequently  left  in  mathe- 
matical rea>oning  in  most  te.vt  books. 
The  method  of  influence  lines,  the 
application  of  the  principle  of  work  to 
deflections  of  framed  structures,  re- 
dundant frames,  and  rigid  arches ; 
portals  and  wind  bracings  and  second- 
ary stresses  are  some  of  the  subjects 
that  are  comprehensively  deaJt  with 
in  the  present  work. 

ateam  Baglna  Deaitfa* 

Br  m.  B.  King.  Asm>c  M.Inmt.  C.B.,  igij.  The 
Tcchniral  PnblUhrng  Co.,  London.    6«.  nrt, 

T< '  I  III  -  extent  a  reprint  of  a  series  of 
articles  which  appeared  in  the  Frai/iail 
Enf^inccr.  The  author  chooses  a  subject 
difficult  to  handle.  He  gives  a  chapter 
on  types  of  engines  and  deals  with  detail 
in  separate  chapters  and  at  considerable 

length. 

It  may  hi-  tlesirabie  that  engine 
designers  shall  design  on  the  lines  indi- 
catetl.  We  wonder  how  many  do  so  ? 
Engines  have  grown  up  side  by  side 
with  physical  science  and  so  far  as  we 
know  they  have  progressed  in  size,  step 
by  sli  p.  and  their  details  have  been 
made  successively  larger  by  the  guess- 
work of  experience,  this  part  made  larger 
because  it  worked  hot,  that  part  bee  ause 
of  too  rapid  wear  ;  another  because  it 
sheared  off.  The  earlyhistoryof  single 
acting  steam  engines  has  one  long 
record  of  failure,  chiefly  becaus<?  its 
desipners  were  too  mathematical,  and 
desif^U'  1  by  supposed  stresses,  neglect- 
ing the  teachings  of  old  expenence. 
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of  new  parts  such  as  those  demon- 
strated by  Wohler  and  others.  This 
book  is  full  of  useful  illustrations,  and  oi 
detail  designs  all  of  which  u  ill  be  useful. 
A  little  more  reference  to  first  prin- 
ciples would,  wr  feel,  be  helpful  to 
young  engineers.  1  he  velocity  of  steam 
m  a  pipe  is  given  for  example  as  so 
m.my  thousand  feet  per  minute.  This 
may  be  what  practice  has  fixed  upon 
as  useful  compromise.  But  it  would 
have  ht  ( n  as  well  to  have  started 
out  from  a  statement  of  molecular 
velocity,  and  the  Kinetic  theory  of 
gases,  for  this  theory  helps  one  to 
understand  such  matters  as  pipe  sizes 
and  condenser  happenings. 


Handbookot  Structural  Steclwofk* 

Kctlpath,  Uiowii  and  Co.,  LimitrU. 

In  this  excellent  "  Handbook,"  of 

nearly  boo  pages,  the  merits  of  Messrs. 
Redpath,  Brown  &  Co.  and  the  facilities 
they  offer  for  business,  arc  modestly 
confined  to  eight  pam  -  of  introduction 
and  four  pages  of  photographs  of  their 
establishments.  For  the  rest,  the 
object  of  the  "  Handbook  "  is  stated 
on  page  5  as  Ix'ing  to  present  "  in  as 
convenieiil  a  form  as  possible  ;dl  the 
data  nquired  for  the  design  of  struc- 
tural -.I'llwovk."  We  note  that  the 
authors  give  no  gui< lance  tor  designing 
the  stanchion  joints  illustrated  on 
pag(*s  J27  and  elsewhere,  but,  generally 
speaking,  the  "  Handbook "  avoids 
the  common  mistake  of  shirking 
problrms  for  wliic  li  it  is  diffictilt  to 
lay  down  unassadable  rules,  but  which 
have  to  be  solved  in  practice.  Thus, 
on  page  loS,  flu  y  present  a  formula 
tor  calculating  the  strength  of  joists 
embeddetl  in  concrete,  and  furnish 
-cvfral  tables  fouiulrd  upon  it.  Unfor- 
tunately, the  formula,  though  imposing 
in  appearance,  is  entirely  «»mpiriral. 
and,  in  point  of  fact,  tin  i  ouck  te 
would  in  many  cases  be  stie--;Ml  lar 
in  excess  of  the  stated  safe  allowance 
of  500  lb.  per  s(juare  inch  in  com- 
pression. Tlius,  in  the  case  of  a  5  in. 
joist  embedded  in  a  slab  of  concrete 
12  in.  wide,  with  the  neutral  axi- 
about  2  in.  from  the  top,  the  >iaf«'  \om\ 
given  by  their  lornuila  would  stress 
the  concrete  to  about  875  lb.  per 
square  inch,  namely,  75%  in  excess 
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of  the  stated  safe  allowance.  Nothing 

is  said  as  to  the  composition  of  the 
concrete  nor  as  to  how  we  are  to  arrive 
at  the  width,  which  we  are  to  assume 
"  as  acting  with  steel  joists."  The 
fundamental  error  lies  in  the  assump- 
tion that  a  joist  embedded  in  concrete 
is  thereby  "  stiffened.  "  All  that  can 
he  said  is  that  generally,  though  not  in 
all  cases,  the  joist  and  conerete  together 
form  a  composite  Ix  am,  whose  carrying 
power  i<  i^'reater  than  that  of  the  joist 
alone,  liie  safe  stresses  adopted  for 
stanchions  are  higher  than  usual.  Thus 
the  safeload  given  on  page  142  for  a 
length  of  28  feet  of  the  lirsl  section 
is  given  as  508  tons,  while  the  safeload 

for  the  <a!ii!-  section,  art ording  tO  thc 
L.C.C.  lonnula,  is  given  elsewhere  as 
389  tonn.  Moreover,  in  calculating 
the  safeloads  on  stanchions,  no  allow- 
ance has  been  made  for  rivet  holes. 
But  the  architect  or  engineer  who  is 
sensible  enough  to  realise  the  in- 
evitable limitations  of  a  book  of  this 
kind  will  find  it  exceedingly  useful,  as 
it  is  certainly  one  of  the  best  that 
has  hitherto  been  published. 

Thirty  Years  of  New  Yofk— 
1882-1912. 

The  Sew  Voffc  BdUon  Co.,  New  York,  1915. 

In  this  interesting  volume  the  pro- 
gress of  New  York  is  desnibttl.  A 
large  number  of  deveh)pments  were,  of 
course,  directly  due  to  the  use  of 
electricity,  and  it  is  in  this  connection 
that  the  Edison  Company^ — the  pioneers 
in  the  movement — have  taken  upon 
themselves  the  task  of  tracing  in  this 
book  the  various  stages  in  its  growth 
and  application.  Excellent  illustra- 
tions of  past  and  present  day  New 
York  show  striking  contrasts  and 
afford  evidence  of  the  enormous  changes 
that  the  dty  has  imdergone.  Interest- 


ing details  as  to  the  development  of 

the  Edison  Company  are  included,  and 
the  whole,  excellently  printed  and 
produced,  forms  a  fascinating  record 
of  scientific,  commercial,  and  civic 
progress. 


AU  About  BBtfinccring. 

Ctssrll  &  Co.,  London,  tn-  nut. 

This  book  is  written  for  bo\s.  and 
as  most  boys  are  interested  in  engineer- 
ing, it  wilt  undoubtedly  prove  a 
welcome  addition  to  the  serie-.  nf  b<K)ks 
of  a  similar  character  issued  by  Lasseli 
&  Co.,  for  juveniles.  The  book  is 
well  printed  in  a  nice  readable  type, 
and  contains  many  illustrations  which 
will  appeal  to  the  young  mind. 


HMt  Bagiacs  being  a  N«w  BditiM 

of  Steam). 

Hv  u  niaiB  Ripprr,  D.Kng.   Longman*,  Gtera  ft 

Co..  I,<iiiil<.ii,  ti,i  V     1-  'hI 

This  is  the  second  edition  under  thc 
new  title  and  further  considerable 
additions  have  been  made,  including 
new  matter  on  steam  turbines,  con- 
densers, governors,  indicator  diagrams, 
steam  separators,  iIt.,  accompanied 
by  numerous  fresh  diagrams. 


Switchgear  and  the  Control  of 

Electric  Light  and  Powac  Circtti  tm 

Uv  A.  G.  Colli*.  A.M.I.B.B.  CwHMbto  *  Co.. 
Ltd..  London,  191J.    is.  oetL 


Wockiatf  ol  ataam  BoUam. 

Bv  Edward  G.  Hillier.  B.Sc,  M.I.C.E.,  4c  .  Chief 
Engineer  lo  the  Natioual  Uoilcr  aud  General  lu^uraDcc 
Co.,  Ltd.  Fifth  edition.  Taylor,  Gamett,  Evana  ft 
Co.,  Ltd.,  Msnchcater  and  London,  1913.  is,6d. 


Industrial  Poiaoniac  from  Twrnum, 
Gaaaa  and  Poiftons  of  Maaolactwiag 

Processes. 

Bv  Dr.  J.  K.iiiitH.iwi  k.  tr.iii>latca  by  Thos.  M. 
Lcgfc,  M.U.  bdwm  Ainolil,  Loudou,  1913. 
xas.  6d.  net. 
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bcttes,  all  on  the  Centre  line,  hy  a 
special  arranpement  of  locating  the 
barbettes  at  different  levels  it  15 
possible  to  obtain  the  fire  of  four  guns 
directly  ahead  and  astern  respectively, 
and  of  course  a  broadside  lire  of  all  ten. 
Sixteen  6-in.  guns  form  the  secondary 
battery.  The  engines  are  Parsons' 
turbines,  and  the  boilers  are  of  the 
Babcock  and  Wilcox  type,  manufac- 
tured by  Messrs.  V'ickers,  which  are 
designed  to  generate  31 ,000  shaft  horse 
power,  giving  a  speed  of  21  knots. 


1^ 


IIiiiU  by  >li-^-r^.  ViiK^Ts  l.lil..  at  H.nri>'i-iii-l  iitii<-.. 


Launch  of  a  Turkish  Battleship 

THE  accompanying  photograph  is 
of    the     Imperial  battleship, 
Rcshadieh,  taken  just  after  her 
launch   at   Barrow-in-l'umess,  where 
she  was  built  by  Messrs.  \'ickers  I.td. 

This  vessel  is  interesting  since  her 
armament  at  date  of  launcli  wa->  more 
powerful  than  that  of  any  other  vessel. 
She  is  525  ft.  in  length,  with  a  beam  of 
91  ft.  and  a  displacement  of  23,o{)o  tons. 
Her  main  battery  consists  of  ten  1 3  5  in. 
guns,  mounted  in  pairs  in  five  bar- 


Digitized  by  Google 


35^ 


CASSIER'S  ENGINEERING  MONTHLY 


Trial  Trips  of  H.M  S.  "  S&rpcdon." 

HM  S.  Sarpetloit,  an  orcan-soing 
torpedo  boat  dcstrover,  built 
by  Messrs.  Swan,  Hunter  .S: 
Wieham  Richardson,  Ltd..  at  their 
WallsonU  Shipyard,  has  just  completed 
a  most  successful  series  of  trials  at  sea. 
The  .Admiralty  placed  the  order  for 
H.M.S.  Sarpcdon  and  Clvssfs  with 
these  builders  under  the  naval  pro- 
grammr-  of  igr2-i,^,  and  it  is  interesting 
to  note  that  she  is  the  first  of  her  class 
to  nin  her  trials  at  sea. 

The  sister  ship.  H.M.S.  Ulvsses,  is 
now  beinLi  fitted  out  at  Wallscnd.  and 
will  be  ready  for  her  trials  in  a  few 
weeks.  Both  these  vessels  are  similar 
to  H.M.S.  Sfiark,  Sparrouhnak  and 
Spiifirc,  which  Messrs.  Swan,  Hunter 
^:  W  igham  Richardson  delivered  to  the 
Atlmiralty  a  few  months  ago. 

The  turbines  and  boilers  of  H.M.S. 
Sarpedon  Were  built  bv  the  Wallsend 
Slipwav  iS:  En-]rir,  ing  Co.,  Ltd. 
Ihe  former  are  niipuisc  reaction  tur- 
bines of  Parsons'  design,  driving  two 
prop(>lIers.  The  ahead  and  astern 
turbines  are  both  enclosed  in  the  same 
casing.  The  boilers,  which  are  of  the 
Yarrow  water  tube  tviie,  have  oil 
burning  furnace^.  .An  'r-mple  supply 
of  steam  was  steadily  maintained  during 
all  the  trials.  These  included  an  eight 
hour^s  run  at  full  speed,  a  twenty-four 
hour's  trial  at  cruising  spee<l,  a  trial 
running  astern,  steering  and  turning 
trials,  t^nn  trials  under  scrvic.-  (on- 
ditions  ai.<l  testing  all  the  tlcck  ma- 
chinery and  the  torpedo  launching 
tubes.  The  engines  of  H.M.S.  Sar- 
pcdon are  now  being  opened  out  for 
inspection,  after  which  the  ship  will 
be  marie  ready  for  acceptance  by  the 
Admiralty. 


Armstrong  Torpedoes. 

IN  our  issue  for  September  we  pub- 
lished an  article  on  the  Evolution 

of  the  Submarine  containing  some 
figuresfrom  "  I.e  Vaclit  "  regardmg  the 
Annstrong  heater  torpedo.  We  under* 
stand  that  tho<r  figures  are  nr)t  correct 
as  regards  rec(  lU  n  sults  obtumed  with 
this  torpedo.  The  following  are  the 
speeds  obtained  with  the  latest  type 


manufa.  tnred  by  Sir  W.  G.  Armstrong, 

W  hitworth  and  Co.,  Ltd. : — 
I'p  toi,ooo  metres    ..    47  knots. 
"    2,000   „        ..45  „ 
..    3.000  ..40  „ 

4.000  ..38  „ 

,.  5.000  „  ..34 
.,  6,000  „  .  32 
„  7,000  ..  ..30 
.,    8,000   ,.  .,28 


Trial  Trip  ot  the  s.s.  "  Kandahar." 

THli;  Kandahar  is  a  tim-  s|)ecimen  of 
a  modern  cargo  ship,  ami  has  just 
successfully  run  her  trials  at  sea. 
She  is  the  hftcctitli  xcvm  ]  built  bv  Messrs. 
Swan,  Hunter  and  W  jgham  Richard- 
son. Ltd..  for  the  lines  controlled  by 
Sir  jolm  Ellerman,  Bart.  The  triple 
e.xpansion  engines  and  also  boilers  of 
the  vessel  were  supplied  b\-  the  Walls- 
end  SIii)wa\-  .uid  Kngineeriiii^  ("o.,  and 
they  worked  without  a  hitch  during  the 
trial,  to  the  satisfaction  of  all  con- 
cerned. .\  speed  of  nearl\-  fourteen 
knots  an  hour  was  easily  maintained  on 
the  measured  mile.  An  interesting 
feature  in  the  ship  is  the  cruiser-shaped 
stern,  which  is  a  most  uncommon 
feature  in  a  cargo  ship  and  gives  in- 
creased carrying  capacity.  .Messrs. 
Swan.  Hunter  and  W'igliam  Richard- 
son. Ltd.,  were  pioneer^  in  the  intro- 
diK  tiuii  of  this  shape  ot  stern  for 
merchant  vessels.  The  leading  dimen- 
sions of  the  s.s.  Kandahar  are  449  feet 
overall  and  55^  feet  broad,  with  a  dead- 
weight carrying  capacity  of  10,400 
tons. 

The  s.s.  Edward  L.  Dohcny  is  another 
vessel  built  and  engined  bv  the  same 
hrm,  and  has  recently  completed  a 
very  satisfactory  series  of  trials.  The 
steamer,  which  is  btiilt  of  stei  l.  is  in- 
tended for  the  carriage  of  oil  in  bulk. 
She  has  been  constructed  on  the  Isher- 
wood  system  of  longitudinal  framing, 
and  is  4i<»  ft.  in  length. 

In  every  way  the  steamer  is  an  up-to- 
date  and  complete  oil  tank  vessel, 
carrying  over  9,{>oo  tons  total  dead- 
weight. The  auxiliary  deck  machinery 
includes  strain  winiii.i-'-,  steam  and 
hand  steering  gear,  two  steam  winches, 
etc.,  etc.  There  are  oil  cargo  pumps 
of  large  capacity  to  ensure  very  rapid . 
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discharge  of  cargo.     The  engines  and 

boilers  arc  jilaci'd  aft,  and  ci insist  of  a 
set  uf  triple  expansion  engines,  supplied 
with  steam  from  two  large  boilers  work- 
ing on  the  Howdon  sy>t»  m  of  fon  <  d 
drauglit,  and  arranged  to  burn  oil  fuel  on 
the  Waltsend-Howden  system. 

Tlie  vessel  is  the  siroiid  oil  tank 
Steamer  constructed  at  the  Neptune 
works  for  the  same  owners  ;  the  former 
one,  the  Sorman  Bridge,  a  slightly 
smaller  boat,  having  been  running  very 
successfully  on  her  service  for  some 
months. 

48lt.  Launch  lor  Spain. 

THE  deliveries  from  the  yards  of 
Messrs.  John  I.  ThnrnytTi)ft  and 
Co.,  Limited,  during  the  past  few 
weeks  have  been  exceptionally  heavy  in 

marine  nrntor  craft,  and  anions  tin- 
more  imjM»rtaiit  is  a  well-equipped 
launch  supplied  to  the  order  of  the 
officers  of  the  Spanish  Na\al  Commis- 
sion, for  the  use  of  the  port  officers  at 
Cadiz. 

The  launch  in  question  is  built  of 
teak,  being  4O  ft.  in  length  by  S  ft. 
beam,  and  is  fitted  with  a  "  Thorny- 
croft "  6cyiiiider  nmtoi  of  the  '  M  " 
type,  giving  a  speed  of  ^\  knots  per 
hour.  I'pon  the  four-hour  full  speed 
trial  on  the  Thames,  recently,  with  the 
ofTircrs  in  attendance,  they  expressed 
their  satisfaction  of  the  design  and 
finish  of  the  boat,  and  also  of  the  quiet 
running  of  the  engine. 

Citfoca  QMfs  for  Orcdgcrs. 

THE  dredge,  John  Slcu  art,  recently 
built  at  the  New  South  Wales 
Government  dockyard  is  spec- 
ially interesting  from  the  fact  that 
it  is  fitted  with  Citroen  gearing,  and 
so  is  in  some  ways  a  new  departure. 
The  Sydney  Daily  Telegraph  gives  the 
following  particulars,  taken  nom  the 
engineer's  ()tfi<  ial  report  : 

"  The  dredge  is  of  the  following 
dimensions : — Length  over  all,  160  ft. ; 
between  perpendiculars,  152  ft.  ;  beam 
moulded,  32  ft. ;  depth,  moulded, 
II  ft.  9  ins.  ;  draught,  8  ft. ;  displace- 
ment, al)out  Soo  tons.  Her  eni^iin 
20  in.  and  40  in.,  are  of  the  compound 
surface  condensing  type,  having  a 


24  in.  stroke.   A  unique  feature  of 

this  dreil^e  is  tin-  fitting  of  double 
helical  gearing  with  machine  cut  teeth, 
technically  kiM>wn  as  "  Citroen " 
gearing,   and  this   is   guaranteed  to 

Sive  98  per  cent,  efficiency  as  between 
riving  and  driven  shafts.  This  was 
made  a  special  ferture  of  i  i  the  original 
specification,  in  which  it  was  pointed 
out  that  the  best  possible  results  which 
should  be  ol)ti.ine<l  with  ordinary 
gearing  would  not  t-xceed  ]mt  cent., 
and  nught  probably  be  le».  \\  ith  the 
"  Citroen  "  gearing,  however,  a  guar- 
antee of  ()5  per  cent,  efliiienry  was 
given,  so  that  in  an  engine  ot  310  H  P. 
there  would  be  a  saving  of  about 
I  V>  H.P.  riie  results  of  the  trials 
showed  that  the  saving  was  even 
griater,  and  the  engine  designed 
capal)l('  of  (li'\'cIopini;  510  H.P.,  was 
only  called  upon  to  develop  200  H.P. 

"  The  dredge  is  fitted  with  very 
p«)werful  win<  hi  s  f(ire  and  aft  for  the 
manipulation  of  the  cables,  thus 
obtaining  her  full  working  capacity 
during  dn  di^iim  ojHTations.  The  whole 
of  the  machinery,  including  all  aux- 
iliary and  steam  steering  gear,  has 
been  mainifactured  at  the  dork  from 
special  designs,  and,  with  the  exception 
of  anchors  and  chains  and  some  raw 
material,  such  as  stn!  plates,  the 
dredge  has  been  constructed  from 
material  almost  wholly  Colonial.  On 
the  trials  the  machinery  worked  satis- 
factorily, and  during  one  hour's  work, 
upwards  of  1,300  tons  was  dredged, 
although  the  specification  i  nlx  calls 
for  i.oi>o  tons  per  hour.  Ihe  \e>sel 
takes  Lloyd's  Ai  class,  special  survey." 

Since  this  dredger  was  put  in  opera- 
tion another  exactly  similar  vessel, 
constructed  at  the  same  dockyard, 
has  also  been  fitted  throughout  with 
("id  lien  bevel  gears,  so  they  have 
evidently  been  found  satisfactory. 


MESSRS.  NORMAN  DICKSON, 
PRINGIT^  .\ND  CO..  of  25, 
Vjctoria  Street,  S.W.,  and 
Hogarth  Works,  Chiswick,  the-desig- 
iK  IS  of  tin-  "  Endee  "  air  pump-,  inform 
us  that  thev  have  lately  secured  an 
order  from  H.M.  Post  Office  for  port- 
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Manufactun-cl  by  Messrs.  Narmau,  Uickwii,  Pringlc  &  Co. 


able  petrol  driven  sets,  embodying 
their  class  H.,  size  2  "  Endee  "air  com- 
pressors. These  air  pumps  are  made 
single  stage  for  low  pressures  up  to 
35  lb.  per  square  inch  and  two  stage 
for  pressures  ranging  from  ,55  lb.  t«» 
120  lb.  per  square  inch,  and  over,  these 
latter  lx*ing  generally  provided  with 
water  cooled  cylinder  covers. 

The  arrangement  of  valves  and  seats 
(which  is  patented)  is,  perhaps,  the 
most  striking  feature  of  these  pumps, 
as  it  jx'nnits  both  suction  ami  delivery 
valves  to  be  withdrawn  simultaneously 
and  also  the  direction  of  the  flow  to  be 
rever>etl.  the  operation  only  taking  a 
minute  or  so.  By  these  means  the 
conq)ressor  can  be  made  into  a  vacuum 
piunp.  or  vice  versa.  The  clearance 
(unavoidable  in  all  pumps)  is,  with  this 
valve  arrangemenf.  extremely  small. 
The  contiei  tinii  rod  is  made  in  ca'^l 
steel,  with  adjustable  larg*-  end  l)u>hrs. 
The  atljustn»ent.  when  necessary,  is 
madi-  with  one  scn'w  onlv,  which  can 
be  turned  with  a  tonuii\.  the  >cre\v 


lieing  provided  with  a  secure  locking 
device.  The  lubrication  of  the  main 
bearings  is  effected  by  continuous  ring 
oiling,  whilst  the  two  pistons  (cast  in 
one)  and  connecting  rod  bushes  are 
lubricated  from  two  adjustable  sight 
feed  glass  cup  lubricators,  which  are 
screwed  into  the  top  of  the  crank-case. 

For  a  small  e.xtra  charge  the  pumps 
can  be  htted  with  an  automatic  unload- 
ing device,  which  allows  the  machines 
to  run  light  when  the  desired  pressure 
has  been  attained  in  the  receiver  and 
re-starts  the  pumping  when  the  pres- 
sure in  the  receiver  alters  a  [>oimd  or  so. 
These  pumps  are  made  capable  of 
dealing  with  any  quantity  of  air  up  to 
250  cu.  ft.  per  minute,  and  are  capable 
ol  compressing  up  to  200  lb.  per  square 
inch.  The  illu>-tration  whicli  we  give 
shows  a  set  <lesigned  and  supplied 
fr»r  use  on  yachts  and  motor  boats; 
conq)rising  an  electric  lighting  set  with 
an  "  Knd<>e  "  valveless  tlilferential 
water  punq)  for  dealing  with  bilge  and 
scourini^  the  decks.      "  Endee  "  com- 
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pressors  can  also  be  added  for  blowing 
syrens,  etc.  The  whole  compactly 
mounted  on  a  be<iplate.  makes  an 
efficient  and  necessary  addition  to  the 
well  equippetl  yacht. 

Messrs.  Norman,  Dickson,  Pringle 
and  Co.  have  receiveil  many  repeat 
orders,  which  may  be  regarrled  as  a 
guarantee  of  the  satisfaction  which  the 

Endce  "  manufactures  always  give. 


The  Scientific  Testing  of  Fabrics, 
Twine,  Cord,  Ac. 

THE  proved  strength  of  fabrics, 
twine  and  other  similar  mate- 
rials must  of  necessity  be  of 
interest  to  a  large  number  of  our 
readers,  and  we  have  pleasure  in 
describing  a  machine  specially  manu- 
factured by  W.  &  T.  Avery,  Ltd.,  of 
Birmingham,  for  testing  the  materials 
used  in  the  manufacture  of  aeroplanes, 
monoplanes,  hydroplanes,  &c.,  cS:c., 
where  reliability  o!  the  most  e.xacting 
nature  is  of  the  greatest  importance  as 
can  be  readily  concluded.  These 
machines  are  also  used  in  testing  cloth. 
&c.,  and  have  been  installed  in  Govern- 
ment clothing  factories,  the  largest 
contractors  to  His  Majesty's  (iovern- 
ment,  as  well  as  Technical  Colleges,  (S:c. 

The  machine  has  a  capacity  of  1.200 
lb.  on  the  combined  lever,  and  240  lb. 
single  lever  and  specimens  can  be  tested 
up  to  2i>  ins.  stretched  length.  The 
strain  is  applieti  by  means  of  line  shot 
flowing  into  a  receiver  suspended  at  the 
end  of  a  weighing  steelyard  ;  the  flow 
of  the  shot  is  regulated  by  a  special 
valve  which  remains  constant  at 
a4iy  position  in  which  it  is  fi.\ed. 
(icaring  worked  by  hand  is  providetl  for, 
taking  up  the  elongation  of  the  specimen 
and  balancing  the  strain  applied  by  the 
falling  shot.  The  steelyard  is  graduated 
on  both  sides,  the  graduations  on  the 
one  side  range  from  zero  to  200  lb. 
by  I  lb.  divisions,  and  those  on  the 
other  from  zero  to  40  lb.  by  i-5th 
lb.  divisions.  This  is  used  for  weighing 
the  amount  of  shot  at  the  end  of  the 
test  and  the  reading  gives  (not  the 
weight  of  the  shot)  the  actual  load 
applied  to  the  specimen.  The  side 
graduated  from  zero  to  200  lb.  is  used 


when  the  machine  is  arranged  with 
compound  levers.  W  hen  delicate  mate- 
rial is  to  be  tested,  the  single  lever 
portion  is  used,  be  ng  turn»'d  numd  into 
position,  taking  the  single  lever  directly 
over  the  bottom  grip.  .\  spring  balance  is 
interposed  between  the  receiver  and  the 
steelyard,  the  dial  of  which  is  graduated 
to  the  maximum  load,  ».<•..  1,200  lb. 
and  240  lb.  respectively.  This  enables 
the  operator  to  read  the  appro .ximatc 
load  on  the  specimen  at  any  moment 
during  the  test,  but  the  full  loatl  is  taken 
on  the  steelyard. 


TF.--tlNr.   MACHINE    tOK    hAllkIt*.  TWIXK,  &C. 

.M.iiiiifjt  tiir<<l  by  \V.  .mil  T.  .Avt-rv,  Ltd.,  ItiriiiliisliAtn. 

The  method  of  testing  is  as  follows  : 
the  specimen  being  inserted  in  the 
grips,  the  shot  is  started  to  flow  from 
the  fixed  reservoir  into  a  can,  which 
is  susjxnded  from  the  floating  steel- 
yard,   hor  low  capacities  a  quick  speed 
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is  used  for  the  strain  and  tlic  weighing 
apparatus  turned  round  so  that  the 
steelyard  can  bo  used  as  a  single  lever. 
For  high  capacities  a  slow  speed  is  used 
and  the  main  lever  and  steelyard  arc 
compounded. 

When  the  specimen  has  broken,  the 
shot  is  emptied  from  the  receiver  into 
the  can  suspended  from  the  link  hanging 
from  the  rear  of  the  steelyard  and  there 
balanced  by  means  of  the  loose  propor- 
tional weights  and  the  sliding  p<)isc,  the 
strain  then  being  read  off. 


The  ilkistratinn  depicts  how  such 
difficulties  can  be  mastered  in  a  simple 
manner,  and  the  coal  conveyed  auto- 
matically from  the  loading  point  to 
the  boiler  house,  by  a  wire  ropeway. 
The  plant  illustrated  was  built  on  the 
system  of  Hleichert's  Aerial  Trans- 
porters, Ltd..  London,  L.C  A  telpher 
operating  with  an  automatic  grab  was 
erected  on  the  railway  siding.  Tlie 
winch-car  lowers  the  open  grab  into 
the  railway  trucks.  whereu]>on  the 
clams  close,  the  grab  is  again  raised. 


TELPHER   WITH   AOTOMATIC  CRAII   FOR  HANOLIKO  COAL. 

Hiiilt  l>y  RlricKi-ri'*  Arri.il  Tr.iiiNportirs,  Ktd. 


Coal  Handling  by  the  Telpher  System. 


ALTH0L(;H  w(trks  and  factories 
are  usually  located  on  a  water- 
way or  alongside  railways,  so 
that  coal  can  be  carried  to  the  boiler 
hunkers  or  storage  ground  direct  hy 
means  of  telphers,  bucket  c»)nv«yors, 
or  by  the  more  modern  method  of 
tel])hers  ojierating  with  grabs,  it  will, 
however,  frequently  occur  that  such 
undertakings  are  found  at  a  distance 
from  any  line  nf  thoroughfare.  In  such 
cases  it  is  necessary  to  ado])t  measures 
to  get  into  connection,  if  possible,  with 
the  railway  or  waterway,  thougii  the 
problem  may  have  become  very 
complicated  on  account  of  intervening 
land  and  houses,  streets  and  roads. 


and  the  car  runs  over  the  loading 
hopper,  into  which  the  grab  discharges 
its  contents.  From  lure  the  coal  is 
drawn  off  int«)  ropeway  cars,  which 
carry  it  to  the  works  at  a  distance  of 
about  1,380  feet  away.  It  is  worthy 
of  notice  that  the  ropeway  only  requires 
attendance  at  the  loading  ])oint,  as 
both  the  curves  at  the  approach  to  the 
boiler  house  and  the  return  sheave 
are  negotiated  aut«)niatica]ly  by  the 
cars.  The  whole  c<mveying  o])eration 
is  therefore  attendtd  to  by  one  man. 
The  hourly  cai)acity  of  the  plant 
amounts  to  25  tons,  the  river  being 
crossed  at  a  height  of  about  60  fett. 
A  bridge  is  also  provided  as  a  safe- 
guard against  any  falling  pieces  of 
coal. 
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Mr.  J.  M.  Allan,  who  rrci-nlly  touk  up  Ihc  appoint- 
nii'iit  of  managing  illrrrtor  toCammrll,  Laird  and  Co., 
Ltd..  at  .ShcHiHd.  for  many  yrar«  a^iociatrd  with 
M<'>xrx.  R.  anil  W.  HAWthorn,  Lollr  jnd  Co..  Ltd., 
aii<l  .It  the  tiiiK-  lit  M'vmnK  hi?  i-oiinn  tion  with  tliat 
hrm  was  inanaKniK  dirrrtor  of  St.   IVtcr'*  Work*. 

Mr.  Allan  r'tninicn'-ol  his  rnsinrrring  training  in 
the  works  of  Mr»rs.  Falmrr  and  Co.,  at  Jarrow,  and, 
on  Ihc  irrminatioii  of  hi<>  app(«ntic«»hip,  joined  the 
P.  ft  O.  Co.'it  Ktafl.  Whilr  >t>rviaK  with  Ihit  company, 
hr  (<ir  a  |»fri'nl  of  fmir  year».  aiurhrd  to  the 

Ht.itt  ni  '.111  ^iipr-riiit'-iiili-iit  rin;iti'-«T  .itiri>jd.  t)ii 
rrturuing  tu  l-^ngland,  br  joined  .Mf>>>r>.  ilawthorn, 
Leiilip  and  Co.,  and  is  1900  was  appaiMted  grneral 
nianagrr,  and,  as  already  ttated,  evcatnally  tN>caine 
managing  dirrrtor  o(  ihrir  St.  Peter"*  Workt. 

Of  late  vear^  th«-<.p  work*  have  b«^n  .ilini»i  ex- 
clusivrlv  niKrfit'  il  on  ti,TVal  rtiltinrf riiin  1  oiilr.n  ts  nt  a 
\ir\    Miiporl.iiil    ih.ir.iilir,    .iml    It    Ihrir   <'\i  1  iil  ikii 


6rni  includMl  Bntith,  RMMian,  Italiaa, 

Chincte,  Chitian,  Bracilian.  TorliUh,  and  other  CAvero- 

nifiito.  and  thf  «  orV  w  .is  of  a  vrrv  divcr»ifii'd  rh.Tra<  lrr. 
Ill  this  I  diiiK  i  llim  It  i»  .in  int) Tr<.liiii;  f;ii  I  that  at  St. 
I'lti-r'-i  \Ni)rk-,  iligriiiK  Mr.  .Mian's  n'Kiinr,  a  ^rrattr 
iiuriil'rr  .it  Uriti^h  b.it'.lr-liipx  of  t»i<'  Dri adnoiiKht 
type  have  rci  civod  their  proprlling  machinery,  of  the 
Panonii  turbine  type,  than  at  the  workaofany  other 
firm  in  the  t'nited  Kingdom.  Many  cnil*er>,  r<va»t 
d«'(<-f)<r  t>attl<->hi[»<.  lorpiilo  ili-vtroVf r>..  .Tin!  torp'"!" 
Ix'.lt'-.  <-|<-,.  h.ivi  1   Iwi-M  titlr.j  f)iH,  iii  U'mI.   lii  irlv 

70  vrssrU  for  lh<-  Itriti^h  Navy  alone  have  pan^r  I 
throMgh  Mr.  Allan**  hand*. 
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THE   WORLD'S   OCEAN-GOING   TRADE,  WITH 
SPECIAL  R£F£R£NC£  TO  BRITISH  SHIPPING 

A  REVIEW:  iwiOU 
By  BryiKMi  Ginaiiigliaixi 


IN  November,  IQ04,  tlierc  apjxared 
in  this  magazine  an  article 
dealing  with  the  oversea  trade 
of  the  United  Kingdom  in  its  rdation 
to  that  of  other  nationalities,  and  a 
series  of  graphical  comparisons  were 
made  to  show  how  large  a  proportion 
of  the  world's  trade  was  in  British 
hands.  The  lapse  of  nearly  a  decade 
since  that  date  renders  it  interesting 
and  instructive  to  review  the  situation 
and  ascertain  how  far  the  supremacy 
has  been  maintained  and  whether  any, 
and  if  so,  what  caiises  are  operating 
to  effect  a  change. 

Within  the  period  under  review  a 
verv  marked  development  and  expan- 
sion of  shipbuilding  enterprise  has 
taken  place.  This  is  more  or  less 
common  knowledge,  but  it  is  not  until 
a  backward  glance  has  been  cast  over 
the  intervening  years  and  a  survey 
made  of  the  conditions  prevailing  in 
1904,  that  the  signilicaiu  e  of  the  move- 
ment is  fully  appreciated,  --^t  that 
epoch  the  distinction  of  being  the 
largest  vessel  in  existence  was  held  by 
the  Baiiic  of  the  White  Star  Line.  Her 
gross  tonnage  was  23,876.  and  it  is 
startling  toreali-i  tliat  this  is  nieiely 
half  or  less  than  half  ot  the  individual 
tonnages  of  five  present  day  leviathans. 


Yet  in  1904  the  lialiic  was  facile 
princeps.  and  stood  proudly  head  and 
shoulders  above  her  comjx'titors.  Her 
only  serious  rivals  were  the  Cedric,  the 
Celtic  and  the  Minnesota,  each  just 
over  20,000  tons.  There  are  now  in 
existence  sixteen  vessels  exceeding 
this  limit — it  is  noteworthv  that  eight 
of  them  fly  the  British  flag — and  of 
these  sixte(ii,  four  average  50,000 
tons  each,  the  highest  being  56,000 
tons. 

To    appreciate  still    further  the 

rapidity  with  which  this  development 
has  taken  place,  let  us  look  back 
another  decade.  Twenty  years  ago, 
the  10,000  ton  vessel  was  regarded  as 
an  exceptional  monster.  At  the  present 
time  there  are  on  the  register  just  over 
200  vessels  of  calibre  ranging  from 
10,000  tons  upwards,  and,  of  these, 
it  is  also  interesting  to  note  that  129, 
or  65  per  cent.,  are  British.  34  are 
Gennan,  11  are  .American  (United 
States),  and  the  same  numl)er  French. 

The  diagram  (Fig.  i)  shows  the  order 
of  the  const nirtion  of  important  vessels 
(of  15,000  tons  and  upwards)  since  the 
beginning  of  the  present  century.  It 
will  be  noticed  that  the  year  1007 
formed  a  teniporary  climax  in  their 
production.    There  was  a  distinct 
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falling  off  in  1908  and  i()oq  while  in 
iqi  *  till  nadir  of  non-production  was 
reacluil.  Of  lati',  however,  there  has 
been  a  decided  recrudescence,  cuhni- 
nating  in  tlie  ImpertUor  of  last  year. 

In  I-'ttj:itit-frni<^  of  April  iSth  last, 
there  was  nubhshed  a  table,  cornpiled 
from  Lloyd's  Register,  siving  the  pro- 
gress in  tonnage  range  of  large  steamers 
(iating  from  the  year  1891,  from  which 
it  womd  appear  that  taking  the  twenty 
yearperiod  of  1801  t(i  iQii,  the  relative 
increase  in  the  number  of  vessels  has 
risen  very  much  more  rapidly  among 
vessels  of  large  tonnage  than  among 
those  of  small  tonnage — in  fact,  the 
increase  has  been  consistently  progres- 
sive with  the  size  of  the  vessel.  Thus 
the  increase  in  the  number  of  vessels 
of  2  to  3,000  tons  has  been  roughly 
60  per  cent. ;  of  3  to  4,000  tons,  380 
rer  cent.  ;  of  4  to  5,000  tons  over 
750  per  cent.  ;  of  5  to  6,000  tons, 
of  7  to  10,000  tons, 
and  of  10  to  15,000 


1.550  per  c«nt. ; 

2,100  per  cent.  ; 
tons,  5,400  per 
figures : — 


cent.    Here  are  the 


TooNfe  range 
a  to  3,oee 

3  tj  4,000 

4  to  $  000 

5  to  6,000 
7  t-^  ici.ooo 

10  to  I  J  .  000 


i8<)i 
44< 


1846 

1. 961 
739 
304 
14B 


1901 

47* 

376 
8^ 
30 


1906 
3,188 
t,7ot 

885 

601 
174 
»3 


1911 
J.J08 

3.10K 
1.398 

110 


It  is  obvious  that  this  is  the  day  of 

the  big  shi|).  The  shipowner  realises 
that  rather  than  multiply  the  number 
of  vessek  in  his  fleet,  it  pays  him  better 
to  increase  the  carrying  capacity  of 
each  vessel,  since  running  costs  and 
<  stablishment  expenses  do  not  rise 
in  anything  like  the  same  proportion. 
There  must,  of  course,  be  some  limit 
beyontl  which  the  sujxMior  economy 
of  th"  large  single  ship  ceases  to  hold 
good,  but  apparently  this  limit  has  not 
yet  been  attamed.  It  nmst  naturally 
ilepend  on  a  number  of  considerations 
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not  merely  connected  with  personnel 

and  cost  of  outfit,  but  also  with  ques- 
tions of  convenience  and  locality. 

Our  primary  object,  however,  is  not 
to  deal  with  the  growth  in  size  of  the 
individual  vessel,  but  rather  to  consider 
the  aggregate  tonnage  of  niercliant 
shipping,  as  representing  more  com- 
pletely tin-  dfvelopmcnt  of  oversea 
trade.  In  this  respi'ct,  too,  there  has 
been  progre>s  of  the  most  unmistak- 
able kind.   The  diagram  (Fig.  2) 


and  what  the  result  will  be  in  another 

fifty  years'  time.  From  3 J  million 
tons  in  1840  the  British  merchant 
navy  has  grown  to  14  million  tons — 
an  increase  of  more  than  300  per  cent, 
in  73  years.  Compared  with  that  of 
other  nationalities  it  is  remarkable — 
one  might  even  say,  amazing.  The 
United  States  merchant  navy,  which 
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which  represents  graphically  the 
growth  of  the  nicidiant  navies  of  the 
principal  mantinu-  countries  of  the 
world,  since  the  year  1840,  indicates 
in  the  case  of  the  I'lijtcd  Kingdom 
and  tlie  British  Empire  an  almost 
unbroken  line  of  advance  at  a  rate 
which  makes  the  observer  wonder 
whether  it  can  possibly  be  maintained. 


comes  next  in  {wint  of  size,  can  only 
boast  a  httle  over  yk  million  tons,  and 
this  total  includes  lake  and  river 
steamers  of  5  tons  and  upwards.  If 
vessels  enga|L,'ed  in  foreign  tratle  only 
be  taken,  tlie  figure  shrinks  to  less 
than  a  million  tons  (932.101).  Ger- 
many, with  a  little  over  3  million  tons, 
and  France,  with  barely  million 
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tons,  hardly  rank  as  s<;rious  competitors. 

The  rate  of  recent  progress  is  demon- 
strated a  little  more  clearly  by  Figs. 
4  and  5,  which  show,  to  a  larger  scale, 
the  shipping  tonnage  added  to  the 
register  during  each  of  the  last  dozen 
years — in  the  first  case  representing 
the  gross  addition,  and  in  the  second 
casie,  the  net  addition  after  deducting 
losses  due  to  wreck.  It  will  Lx*  noticed 
tliat  only  in  1908  was  the  British  figure 
exceeded,  and  then,  during  a  period  of 
depression  in  shipbudding  from  which 
there  has  been  a  rapid  recovery. 
Although  the  figures  for  the  United 


to  the  nature  of  the  vessels  constmcted  is 
equally  applicable  in  this  more  extended 
comparison.  The  United  S(at<^■^  is 
very  largely  self-contained,  and  the 
major  portion  of  her  trade  lies  along 
rivers,  canals  and  inland  lakes.  Her 
interests  overseas  are  not  great,  and  the 
necessity  for  building  vessels  of  large 
tonnage  is  therefore  relatively  slight. 

The  general  status  of  each  ship- 
buildmg  country  in  the  world  in  refer- 
ence to  the  total  output  for  last  year 
is  given  in  the  following  table,  showing 
number  and  tonnage  of  all  vessels  of 
100  tons  and  ufvwards,  built  by  each 
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•TXAIt  VSSUU  ADDED  TO  TRS  MMCKAMT  HATIBt  Of 
THE  PIUNGIPAL  NAKITIMB  COVNTMBt  PKOM  190>>l9t«. 


States  in  this  connection  appear  at 
times  to  indicate  vigorous  competi- 
tion, it  must  be  rememhi  i t  <l  that  they 
include  the  tonnage  of  canal  boats 
and  bar)?es,  which  it  is  impossible  to 
separat*'  in  the  H<jaid  of  Trade  return 
from  which  tlie  inforiration  is  taken. 

As  to  how  far  these  two  competing 
nations  supply  their  needs  from  their 
own  sliipbuilding  vard>i,  the  his1r)ri(-;d 
review  compriseil  in  Fig.  3.  extendmg 
back  as  far  as  the  year  iMjo,  shows  that, 
generally  sj)eakinti,  each  r())uitr\'  is 
adequately  e(^uipped  for  the  purpose, 
and  further  gives  definite  evidence  of 
the  superior  activity  of  British  builders. 
At  no  time,  except  dining  the  year 
190S  already  mentioned,  has  the  United 
States'  output  exceeded  the  British 
output,  and  the  quahtication  in  regard 
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of  the  several  countries  of 
during  iqi2,  as  recorded 

Xo. 


Register  Book 

Unite<l  KinL;(li>m  ..  629 

British  (  olonieb  . .  36 

United    States  of 

America  . .  lOO 

Austna-Hungary  . .  10 

Denmark     . .  23 

France          . ,  , .  ()6 

Gennany     . .  . .  118 

Holland  and  Belgium  76 

Italy            ..  ..  23 

Japan         . .  . .  72 

Norway  ..  89 

Russia        . .  . .  II 

Sweden         .  .  . .  18 

Other    countries  . ,  7 


tl»e  world 
in  Lloyd's 

Tonnage. 

i,6()i,Sf)7 
i4.t)8o 

171.468 
56.580 

30.946 
151.353 
352.562 
103,880 

49,481 
12.152 

10,905 

7.99^^ 


Total 


1,278  2,688,306 
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Our  survey  now  goes  on  to  take  into 
account .  the  extent  to  which  ^ach 

maritime  nation  carries  on  its  owiM-a 
trade  by  means  of  its  oun  shipping, 
or  of  that  fl^nng  the  flag  of  some 
other  nationality,  and  to  illustrate 
this  aspect  of  our  enquiry  the  series 
of  diagrams  in  Fig.  6  has  been  pre- 
pared. Taking  in  each  case  a  circle 
to  represent  the  total  tonnage  of  all 
vessels  entered  ami  cleared,  with 
cargoes  and  in  ballast,  in  the  foreign 
trade  of  tlie  country  represented,  tlie 
sub-divisional  sectors  indicate  the 
percentage  proi>ortion  flying  the 
national,  the  British,  and  all  other 
flags. 

It  will  be  seen  that  Great  Britain 

has  a  lai.m  r  })i oportion  of  lier  trade  in 
hei  own  hands  than  any  of  the  otlier 
countries  have  of  their  trade  in  their 
hands.  Not  only  so,  but  she  is  in 
possession  of  a  moiety  of  the  foreign 
trade  of  the  United  States  and  of 
Portugal,  and  almost  as  much  of  that 
of  Belgium.  In  regard  to  Holland, 
Russia,  1- ranee,  Italy,  the  Argentuie 
Republic  and  Japan,  the  British  share 
is  one-third  ;  in  regard  to  Germany 
and  Spain,  it  is  one-iourth,and  onlvm 
the  case  of  Norway  and  Sweden  does 
the  proportion  fall  below  this  standard. 
These  figures  are  really  remarkable, 
especially  when  it  is  considered  how 
small  a  proportion  of  British  trade  the 
competing  nations  have  been  able  to 
secure  in  return. 

But  now  we  may  ask,  how  do  these 
diagrams  compare  with  the  diagrams 
which  were  piepared  nine  years  ago 
for  the  article  in  Cassier's,  already 
referred  to  ?  Placing  the  pages  in 
juxtaposition,  we  cannot  but  admit 
that  the  British  proportion  has  shrunk 
a  little  almost  all  round — very  slightlv 
in  regard  to  Germany,  Norway,  Sweden, 
the  United  States,  France  and  Portugal, 
but  perceptibly  in  regard  to  Russia 
and  Holland.  On  the  other  hand,  the 
situation  in  reigard  to  Belgian  trade 
is  unchanged,  in  Spanish  trade  there 
has  been  a  small  gain,  while  in  Italian 
trade  the  percentage  has  risen  from 
ji>\  to  29  per  cent,  of  the  whole. 

Of  course,  there  is  an  explanation 


of  this  apparently  retrogressi\e  move- 
ment which  must  not  be  overlooked. 

The  trade  of  a  coimtry  grows,  and  uilli 
it  the  national  shipping.  It  could 
hardly  be  expected  that  Great  Britain 
should  maintiiin  a  pro  rote  increase  in 
the  trade  of  each  of  the  countries  of 
the  world.  Take  Germany,  lor  instance, 
whose  foreign  trade  as  expressed  in 
shipping  tonnage  has  risen  from  ]l 
millions  in  1902  to  49^  nulhons  in 
191 1.  The  national  flag  controls  prac- 
ti<-all\"  the  -amr  percentage  and  the 
British  proportion  has  declined  some 
2  per  cent.  Seeing,  however,  that  the 
British  tonnage  ha^  a(  tually  inrrea>ed 
from  less  than  7  million  tons  to  over 
12  million  tons — nearly  doubling  itself, 
in  fact^it  (annot  !»■  claimed  that 
there  is  anything  but  a  very  satisfac- 
tory growth,  and  that  the  slight 
reduction  in  percentage  is  an  almost 
inevitable  concomitant  of  the  in- 
tensity of  modem  competition. 

The  total  tonnage  engaged  in  the 
foreign  trade  of  the  I  nited  King- 
dom in  the  year  1911,  was  i J9  millions, 
of  which  over  81  millions  was  British 
owned.  The  aggregate  tonnage  of  the 
principal  maritime  countries  of  the 
world  (excluding  Great  Britain)  was 
less  than  5  jo  millions,  and  only  about 
150  milhuns  of  this  tiew  the  respective 
national  flags.  Let  us  add  that  the 
returns  for  iqi2  (not  yet  available 
in  the  case  of  foreign  nations)  show 
that  the  British  total  has  risen  to 
152^  million  tons,  of  which  nearly 
89  millions  is  British  owned. 

There  is.  therefore,  no  ground  for 
drawing  pessimistic  conclusions.  The 
eiul  of  the  Bnti--h  supremacy  in  the 
mercantile  marme  is  not  yit.  Her 
lion's  share  of  the  world's  trade  is  on 
the  wliole  fairly  maintained,  and  the 
enterprise  which  characterises  the 
present  policy  of  British  shipowners  and 
Oversea  traders  augurs  favourably  for 
the  future.  A  final  glance  at  Fi§.  2 
should  produce  a  feeling  of  expectation, 
if  not  of  conviction,  that  the  upward 
line  of  advance  which  has  been  so 
consistently  maintatned  during  the 
past  72  years  will  be  continued  for  a 
long  time  to  come. 
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IN  ncarlv  every  chnrai  frristic  Tas- 
iiuiniii  dillers  from  tlie  rest  of 
Australia.  It  is  by  far  the  least 
P(>|)ViIou<  of  all  the  State-,  having  onh' 
icjo.ouo  inhabitants  for  its  26,215 
Square  miles,  giving  a  density  of  7. 
But  almost  the  whole  of  its  territory 
is  well  watered  and  useful.  It  is  a 
land  of  running  streams,  with  rivers  and 
lakes  in  abunclan(  ( .  Tlie  elimatc  is 
the  most  in  accordance  with  European 
ideas  of  perfection,  and  it  attracts 
numb<T>  of  invahds  and  retired  otVu  ials 
from  other  countries,  notably  India. 
The  death-rate  on  account  of  this  is 
somewhat  higher  than  the  Northern 
States,  bein^  ii*35  per  i,w>o.  which 
seems  small,  however,  in  comparison 
with  the  rates  of  14  to  30  for  European 
ce)nntri(>s.  Plant  life  flourishes  luxu- 
riantly, ami  the  },;eiier.d  .isjuTt  i-~  one  of 
great  green  slo|X's,  and  gra>~\  [  I  lins, 
relieved  by  the  brij^ht  colouring;  of 
flowers.  The  soil  is  fertile,  water  power 
is  abimdant,  and  mineral  deposits  are 
plentiful.  There  srcni-^  nothint,'  lack 
ing  to  secure  for  Tasmania  a  prosperous 
and  a  brilliant  future. 

Vet  this,  the  Paradise  (A  .\ustralia,  is 
easily  the  most  backward  of  all  the 
States.  Although  founded  in  1803.  with 
an  extent  equal  to  that  of  Scot- 
land, its  development  has  been  com- 
paratively slow.  The  harixnus  are 
unusually  plentiful  and  gfmd,  notably 
those  of  Hobart  and  Launceston,  the 
principal  towns.  But  the  island  has 
b(  (  n  M\ crshadowed  by  the  great  size  of 
its  iu  ii;hl>oiirinf:  states,  and  the  stream 
of  poi>uiation  and  commerce  has  not 
come  its  way  as  its  attractiveness 
woidd  have  led  us  to  expect.  Railwav  s. 
though  good  and  serving  the  chief 
districts,  only  total  625  miles  in  length, 
while  on  account  of  the  small  jwpula- 
tion,  and  a  certain  easy-going  charac- 


teristic noticeable  throughout  the 
country,  the  various  resources,  such 
as  the  abundant  water  power,  are  not 
dev(lo])ed  to  anything  approaching 
their  full  capacity. 

In  its  natural  state  Tasmania  was  a 
land  of  rollinjL,'  hills,  interspersed  with 
numerous  valleys,  small  and  large,  each 
containing  its  stream,  and  the  whole 
covered  with  dense  forest.  The  latter 
was  of  benefit  to  the  settlers,  in  that  it 
supplied  them  with  the  splendid  timber 
resources  for  which  the  State  is  famous, 
but  was  a  positive  drawback  in  that  it 
prevented  the  land  from  being  used  for 
any  other  purpose  until  the  "  bush"  had 
all  been  cleared  off.  It  is  even  diffi- 
cult to  tell  of  what  use  a  given  locality 
will  be  till  the  clearing  is  done,  while  of 
course  the  thick  covering  enormously 
impedes  the  search  for  minerals.  As  a 
grt  at  p  rtion  of  the  land  is  still  un- 
( 1<  aii-cl,  while  much  is  actually  unex- 
plored, it  will  be  seen  that  there  is 
wide  scope  for  future  developments. 

The  chief  \Y,\rt  as  yet  imknown  lies 
in  the  south-west.  Here  the  coimtry 
is  rugged  and  mountainous,  and  stul 
covered  with  primeval  timber.  Starting 
from  the  prominent  inlet  known  as 
Port  Macquarie.  half-way  down  the 
\\'(  St  foa^t,  to  the  county  of  Cumber- 
land on  the  East,  and  to  the  South 
Coast  as  far  as  the  South  Cape,  this 
tract  includes  nearly  one-fifth  of  the 
whole  State.  It  comprises  most  of 
the  counties  of  Franklin,  Montgomery. 
Arthur  and  Kent.  The  former  contains 
a  Hmited  amount  of  agricultural  land 
in  its  1.007,700  acres,  but  most  of  it  is 
mountainous,  with  peaks  approaching 
5.000  feet  in  height.  It  is  known  to  be 
mineral  bearing — in  fact,  it  adjoins  the 
highly  metalliferous  country  of  Mon- 
tague, where  the  big  mines  of  Mount 
Lyell,  Zeehan,  Dundas,  etc.,  are  situated 
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and  the  country  is  oi  the  same  nature 
and  geulogicai  description.  But 
although  gold  and  silveHead  were 

discownd  there  years  ago,  prospecting 
has  been  hitherto  so  arduous  and 
costly  that  \ery  little  indeed  has  been 
done  in  the  direction  of  development. 
Montgomery,  containing  506,000  acres, 
is  raucli  more  low  lying,  the  highest 
mountains  being  less  than  1,500  feet  in 


height.  Arthur  contains  810,000  acres, 
and  is  more  mountainous,  reaching 
3,700  ft.  Along  its  frin,L;e  \  (  ry  valu- 
able tind)er  has  been  cut.  dold,  silver, 
copper  and  tin  have  been  foinid  there. 
Recently  a  track  has  Ix-en  cut  right 
tliKniu'li  t]u<-  I  <>unt\'  I0  Port  Davev, 
and  will  m.iki  \\>r  task  of  pros.[H'Ctors  a 
much  easier  oiu-.  Kent  contains  S20,< "  >o 
acres,  of  which  only  the  western  half  is 
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unexplored.  Good  timber  is  bcinf? 
worked  on  the  outskirts,  while  gold 
and  copper  are  known  to  exist.  K.xcel- 
lent  agricultural  land,  at  present  inac- 
cessible, has  also  been  found. 

Tasmania  may  be  divided  into  defi- 
nite regions  with  regard  {o  the  preva- 
lent resources.  The  mining  country 
which  has  already  been  referred  to  as 
lying  to  the  immediate  north  of  the 
little  known  track,  is  the  chief  mineral 
district  in  Tasmania.  It  is  situated 
in  the  Counties  of  Montague  and 
Russell,  where  the  Mount  I.yell  and 
the  Mount  Bischoff  mines  produce 
copper  and  tin  respectively.  The 
North-eastern  pf)rtion  of  the  State  also 
produces  valuable  minerals,  the  chief 
being  tin,  gold  and  coal.  Agriculture 
flourishes  in  the  non-mineral  lands  of 
the  North-west,  and  North-east.  The 
South-east  is  mainly  a  pastoral  district, 
with  flourishing  orchards  in  the  prin- 
cipal valleys.  An  elevated  plateau 
occupies  the  heart  of  the  Island, 
comprising  much  of  Cumberland,  West- 
moreland and  Lincoln.  Here  are  situa- 
ated  the  great  lakes  which  will  some  day 
be  utilised  for  pijwer  generation  on  a 


large  scale.  Sheep  an<l  cattle  breeding 
is  the  staple  industry  here.  Uncleared 
land  scattered  in  all  parts  of  the  State 
is  supplying  timber. 

After  this  brief  survey  of  the  State  as 
a  whole,  the  \  arious  industries  will  now 
be  considered  in  detail.  The  produc- 
tion of  minerals  rank  highest  in  the  list, 
and  accounts  for  nearly  half  the  total 
exports.  In  spite  of  the  incompletely 
developed  condition  of  the  mining 
areas.  Tasmania  has  an  amount  of 
proved  mineral  resources,  in  proptir- 
tion  to  its  size,  possessed  by  very  few 
countries  indeed.  The  following  table 
gives  the  quantities  and  value  of  the 
chief  minerals  raised  during  the  twelve 
month-^  ending  on  June  30th,  if)i2  : — 


(Jold,  ozs. 

Silver-lead  ore,  tons 
HIister  copfK-r.  tons 
Copper  and  copper 

ore.  tons 
Tin  ore.  tons 
Cial,  tons  . . 
Wolfram,  ton.s 
Bismuth,  tons 
Osmiriiium.  oz.  . . 

Total 


87,000,295 
453'' 

.V''J>5  '.15 

62-84 
10  84 
8.:i  41 


< «  .  .1.5 
4«jt>,*igi 

4.W> 
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The  industry  is  of  comparatively 
recent  origin.  Gold  was  the  first  to 
appear,  being  discovered  in  payable 
quantities  in  1852.  Tin  followed  in 
iSji,  then  silver-lead  in  i«S82,  while 
it  was  not  till  189J  that  the  Mount 
Lyell  Co.  erected  their  first  smelter 
for  treating  copper.  When  the  great 
gold  rush  took  place  to  the  mainland 
of  Australia,  in  the  early  days,  the 
Tasmanian  workings,  which  were  never 
of  so  sensational  a  character,  suffered 
extensive  desertions  at  each  fresh  dis- 
covery, and  this  proved  a  severe 
handicap  to  the  grt)wth  of  the  industry. 
However,  this  state  of  things  came  to 
an  end,  and  till  1907  great  ;  rosjx'rity 
ensued.  Since  that  date  there  has 
been  a  slight  falling  off  in  the  produc- 
tion of  most  of  the  minerals. 

It  is  in  the  western  portion  of  the 
state  that  the  richest  mines  occuj. 
On  this  coast  a  strip  comprising  nearly 
a  third  of  the  whole  island  is  composed 
of  schists  and  associated  rocks  of  pre- 
carboniferous  age,  consisting  for  the 
most  part  of  narrow  belts  of  rock, 
extending  for  considerable  distances, 
eacli  bearing  its  own  minerals. 
Through  them  intrusive  granites  and 


porphyries  have  penetrated,  and  these 
are  usually  rich  in  tin.  Thus,  withinja 
brief  radius  a  wide  variety  of  products 
is  found,  a  condition  distinctive  of 
Tasmania  among  the  .Australian 
States. 

The  mines  of  the  northern  half  of  this 
strip,  which  alone  has  been  prospected, 
lie  on  two  lines  of  railways,  stretching  in 
a  northerly  and  north-westerly  direction 
respectively  from  Strahan,  on  the  shores 
of  Macquarie  Harbour.  The  former 
extends  to  the  port  of  Bumie,  on  the 
North-west  Coast,  a  distance  of  iSo 
miles  in  all.  The  latter  is  a  two- 
branched  local  line  serving  the  Movmt 
Lyell  district.  Zeehan,  30  miles  from 
the  sea  on  the  northern  line,  is  the 
centre  of  the  mining  industry  in  this 
part  of  the  country.  It  possesses  a 
School  of  Mines  and  is  connected  by 
rail  or  by  tramway  with  most  of  the 
mines,  which  send  their  ore  to  Zeehan  for 
smelting.  At  Roseberry,  about  25 
miles  further  north,  smelters  are  also 
being  erected.  Williamsford,  Dundas, 
Gormanstown  and  Quecnstown  are 
among  the  chief  mining  towns  of  this 
district,  from  which  an  astonishing 
variety  of  metals  are    derived,  the 
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chief  being  copper,  lead,  gold,  silver, 
tin  and  zinc. 

The  famous  Mount  Lyell  Mine,  one 
of  the  most  successful  in  the  world, 
comes  first  with  an  output  to  date  as 
follows : — 

£ 

Gold   1.285.439 

Silver  , .  . .  , .  1,149,101 
Copper    ...       . .       . .  6,530,882 


Total  .  .        .  .  {8,()65.422 

The  chief  shaft  is  on  a  spur  of  Mount 
Lyell,  near  Gormanstown,  but  its 
smelting  works  and  shops  aro  at 
Queenstown.  about  two  miles  distant. 
For  ten  years  after  the  discovery  of 
the  mine,  gold  and  a  little  silver  only 
were  obtained,  by  the  crudest  methods. 
But  about  1890  big  masses  of  copper 
pyrites  interspersed  with  native  copper 
were  discovered.  In  1893  this  deposit 
was  attacked,  and  henceforward  became 
the  chief  product  of  Mount  Lyell.  Its 
late  discover^'  was  due  to  the  action  of 
the  heavy  rainfall  in  washing  away 
every  trace  of  copper  from  the  outcrops. 
The  average  mnstituency  of  typical 


ore  samples  is  : — 

Silica  .  . 

4-42 

Barium  sulphate 

250 

Copper 

. .  2*35 

Ahnnina    .    . . 

2-04 

Sulphur 

100 '01 

Besides  the  big  mine,  five  other  leases 
have  been  acquired  by  the  company, 
and  more  nccntly  they  have  amal- 
gamated with  the  North  Mt.  Lyell  (^u. 
The  treatment  process  is  simple,  and 
the  small  amount  of  flux  n  (|uired  is 
all  obtainrd  on  the  spot.  First  of  all. 
the  rop])i'r.  silver,  and  gold  contents 
are  <<)nctntr;it(<l  into  a  matte,  and 
this  is  reduied  to  blister  copper  in  a 
Bessemer  lonvertiT.  The  material  is 
then  shipped  to  Mt.  Kembla,  N.S.W., 
where  the  Hlertrolvli'"  Refining  and 
Smelting  lOmpany  extrait  the  gold 
and  silvi  r. 

rhe  total  State  output  of  ropjxT  for 
the  year  lyio-ii  was  £5<>o,()y(>  in  value, 
but  "only  ^346.351  for  1911-12,  a  strike 
at  Mt.  Lyell  rausint^  a  falling  otf  of 
£200,000.    Besides  this  held,  that  of 


Mt.  Balfour,  some  45  miles  to  the 

north,  is  the  only  other  of  any  magni- 
tude. Here  ore  valued  at  £22,840 
was  produced  in  1911-12.  However, 
as  copper  pyrites  is  so  hard  to  detect 
in  Tasmania,  other  valuable  deposits 
are  almost  certain  to  be  hidden  in  the 
unknown  regions,  awaiting  discovery. 

It  must  be  realised,  t<xT,  that  m 
this  region,  which  is  so  covered  with 
tough  and  matted  vegetation  that 
explorers  must  clear  every  step  with 
the  axe,  lodes  can  only  be  located  on 
the  very  tops  of  the  hills,  or  in  rare 
exposed  spots.  Roads  are  expensive, 
almost  as  much  so,  in  fact,  as  railways, 
and  in  consequence  the  mining  com- 
pani^  have  built  narrow-gauge  lines 
\o  traverse  coimtry  which  would  be 
impossible  for  bullock  waggons.  For 
example,  the  North-East  DundaS 
Tramway,  although  equipped  with 
45- ton  engines,  employs  only  a  24-inch 
gauge  and  curves  of  2  ft.  radius.  The 
Mt.  Lyell  Co.,  in  their  private  line,  use 
the  Abt  system  to  good  effect.  Thus 
the  difficulties  hnposed  by  nature  are 
being  overromc. 

Tin  is  found  extensively  throughout 
the  same  district,  for  example,  there 
are  alluvial  tin  workings  at  Xorth 
Dundas  and  mines  at  Heemslvirk. 
But  the  greatest  producer  is  the  Mt. 
Bischoff  mine,  about  half-way  between 
Zcehan  and  Burnie,  which  out  of  a 
total  for  the  State  of  3.953  tons,  worth 
{4f)<l,bqi,  contributed  i.ioo  tons.  Other 
noted  producers  are  the  Pioneer,  573 
tons ;  Briseis,  547  tons ;  Anchor. 
104  tons  ;  Mt.  Bischoff  Extended.  181 
tons ;  Kcnison  Bell,  130  tons  ;  and 
^ba.  1x6  tons.  Thore  are  also  numer- 
ous smaller  properties,  largel\-  in  the 
North-eastern  district,  where  the  same 
formation  crops  out  as  that  in  the 
west.  The  big  mine  began  its  eareer 
as  a  bitter  di<app»)intment,  for  the 
prospectors  had  high  ho|)cs  of  having 
secured  a  silver  deposit.  However, 
the  softness  of  the  button  obtained 
bv  the  a-^saver  proved  lhi>  to  be  a 
falla<  y.  l*orty-two  year^  have  passed 
since  th.it  time,  and  the  le>->  {)rei  ions 
metal  has  brought  a  total  sum  of 
i2, 323,500  into  the  pockets  of  the 
patrons,  derived  from  7i.,l'>'>  tons  of 
tin.    The  workings  consist  of  a  series 
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of  open  cuts  on  tlu*  flank  of  the  moun- 
tain. Many  of  the  smaller  supplies 
of  tin  are  obtained  alluvially.  from 
the  remains  of  ancient  river-lx'ds. 
These  are  mainly  in  tlie  north-eastern 
district.  Here  are  the  Briseis,  Arbo. 
Pioneer,  Derby,  Branxbolm,  Mt. 
Cameron,  Mt.  Horror,  Moorina,  Weld- 
bontuiih,  (iladstone.  Blue  Tier.  (S:e. 
The  .\nehor  mine  at  Lot  tab  is  an 
example  of  lode-mininf^.  and  is  equipp<Ml 
with  a  loo-stamp  battery. 

The  Tasmania  f^old  mine  is  the  chief 
gold  producer,  and  is  situated  in  a 
fruit  and  ac;ricultural  district,  near  tlu- 
nK)Uth  of  the  Tamar  ipo.jo^  tons  of 
quartz  have  been  treated  to  dale, 
flivini,'  7>SO,i<S7  oz.  of  fjold,  valued  at 
£3,o()2.03().  Durinf;  the  last  few  years 
the  ore  has  been  poor,  but  the  mine 
is  now  beinf(  opened  up  at  a  1,500  ft. 
level,  and  ore  containinj.;  2]  oz.  to  the 
ton  is  being  raised.  Last  year  the 
value  of  the  product  was  iqi.^jS. 
Two  other  mines  are  working  in  the 
same  district,  the  North  Tasmania 
antl  the  Bonanza,  with  encouraging 
prospects.  The  latter  has  already 
sunk  to  a  depth  of  i.iSo  feet,  D»'ej) 
level  mining  proved  a  failure  at  Lefrov , 


on  the  opposite  side  of  the  riveir.  where 
s<jme  mines  were  sunk  to  a  depth  of 
i.joo  or  1,400  feet  without  result. 
Less  than  100  oz.  of  gold  was  extracted 
in  this  field  during  the  past  j'car,  a 
gnat  falling  off  from  the  once  prcs- 
perous  past.  There  is  a  deep  alluvial 
lead  cutting  across  the  lines  of  lode 
which  should  contain  much  derivative 
metal.  However,  no  work  has  been 
done  on  it.  Most  of  the  remaining 
fjold  conus  from  mixed  ores,  such  as 
that  at  Mt.  Lyell,  the  Hercules,  and 
otiu  r  WVst  Coast  mines.  Alluvial  and 
dredging  claims  are  als<j  being  worked. 
Largi'  cpiantities  have  been  obtained  in 
the  past  from  the  Lyndurst  gold  field, 
to  the  east  of  Lefroy.  Here  the 
Mathinna  mine,  reaching  1,900  feet, 
has  produced  nearly  /qoo.ooo  worth. 
Other  deposits  are  at  Woody  Hills, 
May.  and  Lake  Jukes  on  the  West 
Coast.  Loose  gold  is  found  on  the 
flanks  of  Mt.  Darwin,  and  so  far  its 
source  has  not  been  discovered.  The 
(iovernnKiit  are  now  encouraging 
prospecting  by  special  grants  for  the 
purpose. 

Silver-lead  is  being  increasingly 
worked  in  West  Coast  mines.  The 
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chief  producing  districts  arc  : — Dundas, 
£i)(),(m)  ;  Zi-ehan,  £54.100  ;  Mt.  Farrcll, 
£i4.Sf)4  ;  Koscborry.  £iy,_\4(i ;  and 
North  Pieman.  £3,595.  Zinc-lead  and 
copper  sulphides  are  worked  at  the 
Hercules  Mine,  at  Mt.  Read,  and  also 
at  Kosebery.  At  Mt.  Read  there  are 
large  quantities  of  complex  sulphides 
containing  copper,  lead,  zinc,  gold  and 
silver,  but  although  separately  the 
metals  would  be  worth  millions  of 
pounds,  yet  so  difficult  is  the  separation 
at  present  that  the  process  would 
entail  more  expense  than  the  con- 
stituents are  worth.  There  is  a  soUd 
mass  of  ore  opened  up,  meastiring 
800  feet  by  So  feet,  which  would  yield 
many  fortunes  to  the  men  who  suc- 
ceeded in  solving  the  problem  of 
economical  extraction. 

Coal  mining  is  not  prosecuted  vigor- 
ously in  Tasmania,  although  there  are 
abundant  seams  ranging  from  20  inches 
to  12  feet  in  thickness.  They  occiir 
in  the  basin  of  the  Mersey  and  in  the 
cistern  district.  Eleven  collieries  in  all 
are  at  work,  producing  last  year  57,000 
tons,  most  of  which  came  from  the 
Cornwall   and    Mt.    Nicholas  Mines. 


The  quality,  however,  is  not  equal  to 
that  of  coal  imported  from  the  main- 
land, over  100.000  tons  of  which  are 
brought  over  jx'r  year.  Hydro-electric 
power  is  being  increasingly  used,  and 
is  materially  lessening  the  demand. 

Oil-bearing  shale  (Tasmanite)  exists 
in  enormous  (]uantities  between  Lat- 
robe,  in  the  middle  of  the  north  coast, 
and  Railton.  Many  millions  of  tons 
are  available  for  the  production  of  fuel 
oil,  petrol  and  turps,  and  a  company 
has  recently  begun  operations  here. 

Extensive  deposits  which  will  lie  of 
great  value  in  the  future  are  those  of 
iron  ore.  notably  at  Penguin  and  the 
BIythe  River,  both  on  the  north-west 
coast  within  ten  miles  of  Vumie,  and 
also  near  Beaconsfield  on  the  Tamar. 
The  ore  consists  of  a  very  pure  h:tma- 
tite,  containing,  besides  ferric  oxide, 
only  traces  of  phosphoric  acid,  silver, 
copper  and  gold.  The  English  engineer 
engaged  to  report  on  the  dejwsit  at  the 
BIythe,  estimated  that,  for  twenty 
years  at  least,  150,000  tons  could  be 
produced  annually  from  this  mine 
alone.  The  Penguin  Mine  is  supplying 
ore   to  smelting  companies  in  5sew 
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South  Wales,  but  the  other  sources 
will  only  be  made  available  after  the 
country  is  opened  up. 

Minerals  worked  in  smaller  quan- 
tities include  : — Iron  pyrites,  exported 
by  the  Mt.  Lyell  Co.  for  the  manu- 
facture of  sulphuric  acid,  over  g.ow) 
tons,  value  £3,595  ;  osmiridium  (ust»d 
in  the  industrial  arts,  e.^.,  for  tips  of 
fountain  pens),  821  ozs.  from  the 
Savage  River  district,  near  Mt.  Bis- 
choff,  value  £'5,963  ;  wolfram,  £(),9*S5  ; 
and  bismuth  £4,316.  Hydraulic  lime- 
stone of  good  quality  occurs  at  Maria 
Island,  off  the  East  Coast  ;  while 
Portland  cement  works  are  about  to 
be  started  at  Schouten  Island,  a  little 
north  of  the  last-named. 

Building  stones  are  being  quarried 
in  various  parts  of  the  island.  These 
include  sandstones  and  limestones. 
There  are  also  numerous  deposits  of 
clay  for  brick-making  and  for  fine 
pottery. 

Turning  now  to  the  above  ground 
resources,  the  first  product  of  the  soil 
was  the  timber  found  in  its  natural 
state  by  the  settlers  on  their  arrival. 
Nature  is  favourable  in  Tasmania  to 
the  growth  of  forests,  and  as  we  should 
expect,  this  asset  is  a  valuable  one,  and 
the  distinctive  character  of  most  '»f 


the  timbers  makes  it  still  more  so. 
There  are.  it  is  true,  three  varieties  of 
pine — Huon,  Celery-top,  and  King 
William — the  supply  of  which  is  nearly 
all  used  up  locally.  But  it  is  the 
hard  wood  timbers  (eucalypti)  that 
have  made  the  country  known  to  the 
world  as  a  timber  producer.  Of  this 
genus  there  are  about  iS  distinct 
species,  of  which  the  chief  are  the 
gigantic  eucalyptus  globulus,  or  blue 
gum.  and  eucalyptus  obliqua.  com- 
monly known  as  stringy  bark.  The 
former  is  confined  to  the  south  of  the 
island,  while  the  latter  is  grown 
generally  in  all  parts.  They  are  mag- 
nificent trees,  of  350  feet  in  height, 
twenty  feet  in  circumference,  three 
feet  from  the  ground,  with  a  clean 
barrel  of  250  feet  to  the  first  limb,  and 
containing  upwards  of  25,000  super- 
ficial feet  of  marketable  timber.  They 
are  very  strong  and  heavy  {K.  obliqua 
being  the  lighter),  greyish  in  colour, 
antl  are  used  where  strength  and 
durability  are  required,  as  in  shi|>- 
building.  wharf-constructing,  railway- 
sleepers,  paving  blocks,  and  agricul- 
tural implements.  They  take  a  g(K)d 
polish,  and  stringy  bark,  especially,  is 
commonly  used  for  wainscot  ting.  The 
young  w<K)d  is  tough,  stringy,  and 
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dastic,  and  is  used  for  cart-shafts, 

q)okes,  (S:c.  Piles  can  ho  supplied 
ZOO  feet  in  length,  and  have  an  ex- 
tremely long  life.    Large  quantities 

of  iS  by  iS  and  20  by  io  pili  s  were 
exported  for  the  l)over  Harbour 
Works,  England,  ranfiin^  from  80  to 
100  feet  in  length.  Shipments  are 
also  made  to  India,  South  Africa  and 
Eastern  Ports.  The  strength,  as  given 
L.VV. 

by  B  =  ,  lies  between  the  limits 

4bd« 

of  1,800  and  3,600,  and  the  specific 
gravity  is  from  ■N4  to  i  (K)  for  blue 

fum,  and  75  to  104  fur  stringy  bark, 
t  is  from  the  Icavi  s  of  the  blue-gum 
that  the  famous  eucalyptus  essence  or 
oil  is  distilled. 

Other  species  are  the  Peppermint 
(E.  amygdalina).  whose  rhanu  teristie 
quality  is  its  stiffness,  adapting  it  for 
posts  and  roofing,  as  well  as  ship- 
building ;  >^\vamp-gum  (E.  regnaus), 
open  anil  free  in  the  grain,  with  a 
specific  gravity  of  between  77  and  -85. 
useful  for  flooring  and  fruit  cases  ; 
white-gum  (E.  Wminalis),  which  is 
still  lighter,  s.g.  7  to  76,  used  mainly 
for  internal  'woodwork  ;  antl  iron- 
bark  (E.  siebcriana),  a  reddish  timber 
obtained  from  smaller  trees,  but  with 
tin  ^ame  qualities  as  blue-gum  and 
stringy-bark. 

Beside  the  li^ucaiypti,  many  tinil)ers 
with  varying  characteristics  arc  found 
in  large  quantitie-^,  The  most  valuable 
of  the  hue  grained  woods  is  probably 
the  Blackwood  (.\cacia  melanoxylon). 
It  is  of  remarkable  versatility,  being 
employed  for  a  wide  range  of  purposes 
which  include  the  manufacture  of 
furniture,  ]iani'lling  for  railway  car- 
riages, bannisters,  and  interior  fittings 
generally,  billiard  tables  (for  which  its 
complete  fitness  has  bten  well  estab- 
lished), and  for  cooperage,  a  use  that 
its  soundness  and  durability  render 
wholly  suitable.  In  appearance  and 
colour  it  strongly  resembles  cedar. 
Huon  Pine  (Dacrydium  frankUnii)  is 
straight  grained,  and  of  a  bright 
yellowish  colour,  and  often  handsomely 
figured.  This  has  been  referred  to  by 
eminent  authorities  as  one  of  the  best 
timbers  in  the  world.  There  are  few, 
if  any,  better  woods  for  general  boat- 


building.  It  possesses,  among  other 

good  features,  an  miusual  innnunity 
from  the  attacks  of  borers,  probably  on 
account  of  its  resinous  nature.  Railway 
cars  and  waggons,  and  cabinet  work 
are  among  its  most  appropriate  uses. 
Mjrrtle  -  (Fagus  cunninghami)  often 
exceeds  100  feet  in  height,  and  resem- 
bles English  ash  in  character,  but  is  of 
greater  strength  (B  =  2712  to  2804). 
Its  colour  is  a  light  pinkish-brown,  with 
a  variety  that  is  nearly  white.  Celery- 
top  Pine  (Phylloclodus  rhomboidalis) 
is  tough  and  hea\-y,  does  not  shrink  or 
warp,  and  is  therefore  suitable  for 
spars  and  decking  of  vessels,  as  well 
as  Ixjarding  generally.  King  William 
Pine  (.Athrotaxis  cupressoides)  is  very 
light  (s.g.  =  -336  to  -385),  yet  tough 
and  durable.  Ironwood  (Notelea  ligu- 
satrina)  is  similar  to  lignum  vitae.  \ 
large  number  of  ornamental  woods  are 
also  plentiful. 

With  regard  to  the  locality  and 
extent  of  the  timber  beds,  the  bard- 
wood  forests  at  present  known  cover 
the  whole  explored  portion  of  the 
county  of  Kent,  much  oi  the  county  of 
Buckingham,  Tasman*s  Peninwla, 
Eorestier's  Peninsula,  and  South 
Bruni  Island,  all  in  the  south-east, 
part  of  the  adjoining  county  of  Pem- 
broke, all  the  country  along  the  West 
and  the  North-west  coasts,  and  much 
of  the  North-eastern  counties  of  I^orset 
and  Cornwall.  All  the  timbers  men- 
tioned are  common,  though  the  hard- 
woods alone  are  sutbcicntly  plentiful 
to  permit  a  big  export  trade.  There 
are  about  rjo  or  100  sawmills  at  work 
in  various  parts  of  the  State. 

Where  naturally  occurring  trees 
flourish  in  such  profusion,  it  is  only 
to  be  expected  that  those  planted 
artificially  should  share  the  same  good 
fortune  .\ccordingIy  we  find  that 
fruit-growing  is  a  most  prosperous 
industry,  and  one  to  which  Tasmania 
looks  for  one  of  her  chief  sources  of 
revenue  in  the  near  future.  Stringy- 
bark  land  is  especially  suited  for 
orcliards,  as  are  many  tracts  of  country 
rated  as  second-class  agricultural  land, 
which  possess  a  clay  subsoil  at  no  very 
great  dq>th.  The  latter  soils,  as  has 
been  discovenul  only  of  rect-nt  years, 
yield  actually  a  better  return  than  the 
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so-called  first-class  land.  At  present 
this  indiistr>'  is  increasing  very  rapidly 
many  of  the  orchards  in  existence  being 
only  from  3  to  7  years  old,  and  not  in 
full  bearing.  The  valley  of  the  Tamar, 
and  the  country  round  Launceston  are 
covered  with  young  fruit  gardens, 
growing  in  a  light  loamy  soil  over  clay. 
In  all  directions  fresh  trees  arc  being 
planted  here,  and  the  prospects  of  the 
district  appear  brilliant.  The  valley 
c)f  the  Der\vcnt,  near  Hobart,  is  also 
thick  with  orchards,  and  20  miles  north 
of  Hobart  the  Bagdad  valley  has 
changed  from  being  a  famous  wheat 
growing  locality  to  a  more  famous 
fruit  district.  The  Huron  and  Derwent 
valleys  are  other  instances  of  the  same 
change.  There  is  a  great  abundance  of 
suitable  land  available  at  los.  to  20s. 
per  acre.  Clearing  costs  from  £'5  los. 
to  £18  per  acre,  ploughing  15s.  to  20s., 
per  acre,  and  fencing  alxmt  <)S.  per 
chain.  Thus  the  total  cost  of  a  25  acre 
apple-farm  for  the  first  live  years, 
including  interest  at  5  per  cent.,  is 
about  £2,000.  From  the  fifth  to  the 
seventh  year  the  returns  pay  expenses. 


and  during  the  next  three  the  yield 
rapidly  increases,  till  after  the  tenth 
year  it  amounts  to  at  least  b.ooo 
bushels.  This  crop,  at  the  moderate 
rate  of  2s.  6d.  on  the  trees,  produces 
£750.  It  will  seen,  therefore,  that 
provided  the  market  remains  good, 
this  industry  will  be  both  prosperous 
and  prolific.  Last  year  2 .248  additional 
acres  were  planted  with  fruit,  and  the 
production  increased  by  157,992 
bushels.  In  191 1  the  total  acreages 
devoted  to  the  growing  of  the  various 
fniits,  without  including  the  less 
important  centres,  were  as  follows : — 

Acres. 

.\pples    . .       . .        . .        . .  20,412 

Pears      .  .        .  .        .  .         . .  3,090 

Apricots  .  .        . .        . .  1,465 

Plums     ..  ..  1,254 

Cherries  . .        , .        . .  720 

Peaches  . .       . .        . .  246 

Raspberries       . .  .  .  1,168 

CioosebtTries     . .       . .        . .  340 

Strawberries      .  .        . .        . .  122 

Currants  . .       . .        . .  548 


29.365 
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The  yield  of  apples  alone  was 
1,480,107  bushels,  and  of  pears  94,425 
bushels.  All  varieties  of  English  nilits 
flourish,  and  nearly  all  are  ^own  in 
quantity.  Raspberries  and  goose- 
berries are  grown  on  the  slopes  of  Mt. 
Wellin^'ton,  overlooking,'  Hf)bart,  at  a 
height  of  1,700  feet.  Hops  also  thrive. 
They  were  grown  on  i.dy)  acres,  and 
the  yield  was  i.jy^.zjb  lb.,  valued  at 
110,954.^  Much  of  the  fruit  is  turned 
locaUy  into  jam,  jelly,  preserves  or 
pulp  ;  17.595.065  lb.  in  all  were  so 
produced,  worth  £202,169. 

Cultivated  land  in  1910  totalled 
5t396,xi7  acres,  of  which  274,026  acn-s 
were  under  crop,  and  ^91,423  acres 
were  pasture.  Much  of  the  country  is 
admirably  suited  for  crops,  espcciallv 
in  the  basaltic  districts  of  the  North- 
east and  North-west  coasts,  where  the 
soil  is  very  fertile  and  the  rainfall  from 
36  inches  to  43  inches  per  annum. 
The  extent  and  value  of  this  industry 
may  be  estimated  from  the  following 
figures  for  iqio-ii  : — 

Toial  Awrage 
Yield.  Yield. 
Pr'xiuct  .Acreage.         Bushels.  BusbeU. 

Wheat    ..  52,242  1,120,744  2145 

Barley    . ,  5,2 35  142,318  26-68 

Oats       ..  63,887  2.063,303  3229 

Rye        ..  1.261  23.255  iH-44 

Peas       . ,  19,727  492,972  24  98 

Beans     ,.  314  5433  17'30 

Flax.  &c.  566  13. 191  2311 

Tons.  Tons. 

Potatoes  . .  26,230  70,000  2'67 

Turnips  ..  3.743  48463  M"94 
Mangel 

wurzel . .  1 .799  35.941  19*98 

Carrots   ..  218  2,749  1261 

Onions    ..  62  328  529 

Hay       ..  72.992  115,190  i"58 

Pigs,  poultry  and  bees  all  thrive  well, 
and  are  conveniently  worked  in  con- 
junction with  the  farms. 

Apart  from  the  first-class  agricul- 
tural land,  there  is  a  second-class  of 
soil  that  has  given  better  results  quite 
lately  upon  an  investigation  of  its 
composition.  This  is  the  light  soil 
with  day  sub-soil  which  has  already 
been  referred  to  as  highly  suited  for 
fruit-growing.  It  was  found  that  the 
day  was  in  a  non-flocculated  condition, 
in  which  it  can  remain  suspended  in 


water  for  a  long  period.  It  is  therefore 
easily  washed  away  by  rain,  or  carried 
down  into  the  soil.  This  can  be 
obviated  by  the  addition  of  lime,  and 
hence  a  considerable  improvement  has 
been  effected.  Systematic  ex{>eriinent 
upon  these  Tasmanian  soils  should 
much  extend  the  agricultural  areas. 
Unfortunately,  sjretcm  andcoH>peration 
are  two  qualities  which  are  somewhat 
lacking  among  the  present  agricultural- 
ists. Many  fertile  tracts  are  lying 
idle,  also,  because  their  chilly  nature 
renders  special  methods  of  cultivation 
necessary. 

Unlike  th('  mainland,  the  Island 
State  does  not  possess  vast  tracts  of 
grazing  country  capable  of  supporting 
enormous  fl(><  k-^  of  she  p.  This  ususJ 
Colonial  industry  is  therefore  rather 
in  the  background.  There  is  no  mutton 
export — in  fact,  at  one  period  of  the 
vcar  both  sheep  and  cattle  are  actually 
imported  for  slaughtering  purposes. 
But  stud  sheep  are  bred  and  exported 
in  considerable  numbers.  Tasmanian 
Merinos  have  a  liigh  reputation,  and 
these  rams  have  secured  prices  of 
£1,000  and  more  Recently  the  breed- 
ing of  Siiropslures  has  been  similarly 
undertaken  with  excellent  results,  and 
Lincolns.  Leict^ters,  Southdowns,  and 
other  breeds  also  do  exceedingly  welL 
The  absence  of  droughts,  and  the 
possession  of  every  condition  nmc-isary 
for  the  purpose,  make  Tasmania  an 
ideal  {rfaoe  for  such  an  industry.  The 
following  are  the  numbers  and  value 
of  the  sheep  exported  to  the  mainland 
in  various  years : — 

Year.      Number.  Value. 

187 1  09S  £4.666 

1891         ^>.59i  £74.895 
1906         9.804  £50.232 
187X-1906     153*360  £1.350.132 

The  total  amount  of  live  stock  far 

191 2  is  as  follows  : — 

Horses   .,       .,       ..  41.853 

Dairy  cows       . .        . .  56,858 

All  other         ..  160,548 

Sheep             ..       ..  1,823,017 

Pigs    67,39a 

Goats            ..       ..  2.527 


Total 


2.152.195 
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\\'ater-{K)\ver  resources  arc  parti- 
cularly prcat  Running  streams  exist 
all  over  the  country,  while  in  the  table- 
lands of  the  interior  lakes  are  very 
numerous.  Little  lias  been  done 
towards  utilising  the  power  as  yet. 
Launceston,  however,  developes  a  total 
of  1. 200  K  W.  from  the  Cataract  Gorge, 
near  the  city,  which  is  used  to  o|)crate 
tramways,  as  well  as  to  suppl\'  j>ower 
and  light.  Current  is  retaileti  at  ()d. 
to  lid.  per  unit  for  lighting,  and  2d. 
to  id.  for  power.  I^eloraine  and 
Latrobe  also  have  hydraulic  installa- 
tions. The  Hydro-electric  Power  and 
Metallurgical  Co.,  Ltd  are  at  present 
erecting  a  power-house  at  the  outfall 
from  tlie  great  lake,  to  de\elop  9,000 
H.I*.,  by  means  of  two  Ho\nng  tur- 
bines, as  a  first  instalment.  Current 
is  to  be  generated  at  f<S,ooo  volts, 
3  phase,  and  will  he  transmitteil  O4 
miles  to  Hobart.  A  site  for  an  electro- 
lytic smelting  plant  has  been  obtained 


at  North-west  Bay,  and  metallic  zinc, 
calcium,  carbide  and  cyanimide,  and 
perhaps  aluminium  will  be  protluced. 
The  Mt.  Lyell  Co.  are  installing  a 
plant  at  Lake  Margaret  to  supply 
power  in  large  quantity  for  their  smelt- 
ing and  other  operations,  and  also  for 
the  municipality  of  Oueenstown. 

It  will  have  been  gathered  that  T;is- 
mania,  though  a  country  eminently 
suited  for  the  white  man  and  his 
civilisation,  suffers  at  the  present  time 
from  lack  of  ilevelopment  and  organisa- 
tion. It  is  true  that  the  opening  of 
the  bush-covered  territory  is  a  dilhcult 
task,  but  this  is  not  a  complete  ex- 
planation of  the  backwardness  of  the 
country.  The  very  pleasant  climate 
has  probably  to  be  blamed  for  making 
life  too  agreeable  ;  but  at  any  rate  the 
country  has  undoubtedly  valuable  re- 
sources, and  hence  is  a  field  where 
enterprise  can  earn  big  dividen<ls. 
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MESSRS.  C  A.  PARSONS  & 
CO..  LIMITED,  of  Newcastle- 
on-Tyne.   England,  construct 

exclusive! V  land  turbines,  while  The 
Parsons  Marine  Steain  Turbine  Co., 
Limited.  Wallsend-on-Tync.  deal  with 
marine  propulsion.  Tiie  princijile  of 
the  Parsons'  turbine  is  now  so  thor- 
oufihly  understood  that  it  is  unneces- 
sary to  describe  the  same,  and  \vc  will, 
therefore,  confine  ourselves  to  men- 
tinniiii;  the  latest  improvements  which 
Mt  s^rs.  Parsons  have  introduced. 

I'. II -.Otis'  st.indard  blading  is  com- 
jXiM-d  ot  brass,  which  is  drawn  and 
rolled  to  the  required  section  and 
polished  so  as  to  niininiise.  as  far  as 
possible,  steam  friction.  In  the  high- 
pressure  expansions  the  blades  are 
f:enerally  formed  of  pure  copper,  which 
has  been  found  by  experience  to  Ik>  the 
most  suitable  metal  for  standing  super- 
heated steam.  Two  methods  of  secur- 
ing the  blades  arc  in  regular  use  by 
the  Parsons'  firms,  the  first  being 
known  as  the  individual  caulking 
system,  and  the  second  as  the  threaded 
root  or  rosary  system.  In  the  first 
system  the  blades  and  distance  pieces 
are  cut  to  length  and  placed  alternately 
in  the  serrated  grtx>ve  machined  in  the 
turbine  shaft,  the  final  fixing  being 
effected  by  caulking  the  packing  pieces 
which  lie  between  tlu'  blades.  In  tlie 
second  system  each  blade  and  each  s<  c- 
tion  or  distance  jjiece  has  a  small  hole 
drilletl  through  it,  through  which  a  brass 
wire  is  threaded  while  the  blades  and 
sections  are  being  assembled  in  a  metal 
former  of  the  correct  radius,  ihese 


assembled  sectors  are  fixed  in  grooves 
by  the  usual  system  of  caulking. 

The  tips  of  all  Parsons'  blades  are 
thinned  away  (in  a  special  machine),  so 
as  to  present  a  very  small  area  of  con- 
tact should  any  touching  take  place 
between  the  shaft  and  the  blades,  or 
between  the  blades  and  the  cylinder. 
The  blades  are  strengtheneil  by  a  bind- 
ing strip,  which  is  fitted  into  gnxives 
cut  in  the  side  of  the  blade,  the  binchng 
strip  being  attached  to  the  blades  by 
means  of  silver  solder  ;  blades  of  small 
height  have  one  binding  ^trip,  while 
in  the  case  of  very  tall  blatles,  as  many 
as  three  or  four  binding  strips  are  often 
used. 

W  hen  designing  for  use  with  super- 
heated steam  Parsons  invariably  use 

cast  steel  for  the  highly  heated  part  of 
the  turbine  cylinder,  in  view  of  the  fact 
that  experience  has  shown  that  cast 
iron,  when  subjected  to  high  tempera- 
tures, is  liable  to  serious  growth  and 
distortion. 

Turbines  for  large  outputs  are  almost 
invariably  made  on  the  tandem  prin- 
ciple, each  high  pressure  and  low  pres- 
sure turbine  having  its  own  si  jiarate 
shaft,  bearing  and  casing,  the  steam 
passing  through  each  turbine  in  series. 
The  tandem  design  enables  high 
economy  co-cflFicients  to  be  obtained, 
and  at  the  same  time  it  permits  the 
use  of  comparatively  diort  and  stiff 
shafts. 

The  shaft  of  the  high  pressure  portion 
of  a  tandem  turbine  is  made  off  solid 
forged  steel,  while  that  of  the  low 
pressure  turbine  consists  of  either  a 
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hollow  tube  shrunk  on  to  sup|K»rting 
wheels  mounted  on  a  central  shaft,  or  a 
solid  forged  shaft  carrying  a  number  of 
steel  discs,  each  of  which  supports  one 
row  of  blades.  The  governor  fitted  to 
Messrs  Parsons'  turbines  is  of  the 
steam  operated  relay  type. 

Parsons'  turbine  casings  arc  divided 
horizontally,  and  in  large  cylinders 
there  are  vertical  joints  between  the 
various  portions  of  the  cylinder,  as  well 
as  the  main  horizontal  joint.  All 
cylinders  are  tested  hydraulically  to  a 
pressure  of  one-and-a-half  times  the 
working  pressure,  and  they  are  also  sub- 
jected to  a  steaming  process  between 
rough  boring  and  finish  boring  ojx'ra- 
tions,  the  object  of  the  steaming  being 
to  remove  any  strains  which  may  e.xist 
in  the  casting  as  received  from  the 
foundry. 


l*ig.  I  illustrates  the  latest  ty|X'  of 
turbo-alternator,  built  by  Messrs.  C.  A. 
Parsons  and  Co.,  Ltd.  It  is  of  25,000 
k.w.  capacity,  and  was  specially  manu- 
factured for  the  Commonwealth  Edison 
Co.  of  Chicago. 

The  small  turbines,  constructed  by 
Messrs.  Brotherlux)d,  Ltd.,  of  Peter- 
borough, England,  consist  of  a  Curtis 
wheel  having  two  velocity  stages. 
The  short  shaft  is  extremely  rigid  and 
the  critical  number  of  revolutions  far 
exceeds  the  nomial  speed.  The  rotor 
has  the  well  known  shape  of  a  wheel  of 
equal  strength  and  lowest  weight,  and 
is  completely  balanced.  The  blades, 
which  are  constructed  of  a  special  alloy, 
arc  lodged  in  dove- tailed  shaped  slots, 
and  are  covered  by  a  shroud  ring  in 
order  to  stiffen  them.  The  guide-blade 
rim  can  be  taken  out  easily  without 
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dismantling  the  turbine.  It  is  very 
rare  for  the  bhide  ring  to  be  damaged, 
as  the  axial  elearance  between  the 
guide  blades  and  the  moving  blades  is 
at  no  point  less  than  \  inch.  The  rotor 
and  the  blades  arc  highly  polished,  in 


order  to  reduce  as  much  as  possible  the 
friction  of  steam  ;  in  a  like  manner  the 
conical  bronze  nozzles,  lodged  in  the 
inside  of  the  cover  of  the  turbine,  are 
polished  within. 

The  cast  iron  casing  is  divided  hori- 


FtC.  J. — TURBO  oeXERATOR  POR  lOO  K.W.  WITH  CONUENStSO  rL.\MT  AJtD  PUMPS  . 
MAOB  BY  rETBR  UROrUCRIIUOU,  LTO.,  PKTERUOBaUGH. 
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zontally  and  vertically,  and  is  only 
exposed  to  exhaust  pressure,  as  the 
steam  pressure  in  the  nozzles  is  reduced 
to  tin-  exhaust  pressure.  After  the 
machining  the  casing  is  hydrauUcally 
tested  and  repeatedly  heated  and  cooletl 
off  in  order  to  discover  if  there  are  any 
flaws  in  the  casing.  The  cast  iron 
casing  for  the  bearing  is  not  connected 
directly  to  the  turbine  casing,  with  the 
result  that  the  heat  emanating  from  the 
casnig  ol  the  turbine  is  not  transmitted 
on  to  the  bearing,  thus  facilitating  the 


Moreover,  in  the  case  of  a  continual 
alteration  of  the  load,  nozzles  may  be 
shut  off  or  opened  by  hand.  The 
safety  stop  valve  is  lodged  in  front  of 
the  regulating  valve,  this  is  closed 
by  a  spring,  and  is  held  open  by  means 
of  a  pawl,  unless  the  speed  of  the  wheel 
becomes  excessive.  As  soon  as  the 
number  of  revolutions  of  the  turbine 
exceeds  the  limit  allowed,  a  spiral  spring 
attached  to  the  turbine  shaft  bepins  to 
expand,  in  consequence  of  the  centri- 
fugal force  coming  in  contact  with  a 


ubrication.  As  the  live  steam  merely 
enters  the  nozzles,  the  blades  are  only 
ex]x)s(  d  to  a  steam  of  low  temperature, 
whereby  again  their  life  is  increased. 

The  governor  employed  is  of  the  fly 
ball  t3rpe,  and  is  driven  by  gearing  from 
the  turbine  shaft,  governing  by  means 
of  a  I  loaded  double  beat  throttle 
valve.  If  it  is  desireil  to  alter  the 
speed  of  a  turbine  while  it  is  working,  it 
is  only  necessary  to  manipulate  the 
valve  spring  by  means  of  a  hand  wheel. 


trip  and  releasing  the  pawl.  The  gland 
of  the  turbine  shaft  is  provided  with  a 

carbon  packing.  There  are,  further- 
more, on  the  shaft  and  on  each  side  in 
front  of  the  bearings,  two  protective 
rings,  which  prevent  any  water,  d\ie 
to  condensed  5team  from  tlu-  gland, 
from  entering  the  bearings.  Figs.  2  and 
3  sliow  examples  of  Brotherhood  tur- 
bines, the  former  a  small  turbine  coupled 
with  centrifugal  pump,  and  the  later  a 
turbo  generator  of  200  k.w.  capacity. 
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with   condensing   plant   and  pumps. 

Messrs.  \V.  H.  Allen. Son  and  Co  ,Lt(l., 
of  Bedford,  England,  construct  small 
turbines  having  an  output  of  from 
5  to  (x)o  h.p.    The  normal  speed  from 


out  of  question,  and  no  collar  bearing 
is  required.  In  view  of  the  fact  that 
the  jet  of  steam  traverses  a  series  of 
moving  blades,  and  in  each  only  yields 
a  part  of  its  speed,  the  peripheral 
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5  to  20  ih.p.  is  3,500  V.p.m.,  from 
20  to  100  h.p.  3,000  r.p.m.,  and  from 
100  to  600  h  p.  2,500  r.p.m.  The  tur- 
bine can,  however,  be  arranged  to  run 
at  a  speed  below  the  normal  proportion, 
when,  of  course,  the  consumption  of 
steam  increases  and  the  cost  is  greater 
in  proportion  compared  with  running 
at  a  normal  speed. 

The  Allen  turbine  is  an  impulse  tur- 
bine, consisting,  according  to  the  out- 
put and  the  steam  pressure  required, 
of  one  or  two  pressure  stages,  and  w'ork- 
ing  either  as  a  non-condensing  or  as  a 
condensing  turbine.  The  steam  com- 
ing from  the  nozzles,  flows  through  the 
moving  blades  in  a  radial  direction,  at  a 
speed  the  degree  of  which  depends  on 
the  drop  of  pressure  converted  into 
speed  in  the  nozzles.  Owing  to  the 
radial  direction  of  th"'  flow  of  steam 
an  axial  pressure  on  the  bearings  is 


en. 
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two  pressure  stages  are  provided  as 
I'igs.  4  and  5  show,  which  arc  separated 
from  each  other  by  means  of  a  gland 
labyrinth  packing,  and  each  of  which  is 
titled  with  nozzles  and  return  boxes, 
which  last  have  an  increased  section  in 
proportion  to  the  progressive  reduction 
in  the  velocity  of  the  steam,  so  that  in 
one  unit  of  time  the  same  quantity  of 
steam  can  pass  through  the  successive 
return  boxes.  The  steam  coming  from 
the  nozzles  enters  into  the  first  moving 
blades,  yields  here  a  part  of  its  velocity, 
flows  into  the  return  boxes  which  alter 
the  ilirection  of  the  How,  then  passes 
on  to  the  following  moving  blades  of 
the  same  rotor,  etc..  until  all  the  kinetic 
t-niTgy  contained  in  the  steam  has  been 
converted  into  work.  No  difference 
existing  between  the  steam  pressure  in 
the  casing  and  in  the  blades,  the  steam 
does  not  tend  to  escape  along  the  sides 
of  the  blades,  so  that  the  clearance 
between  the  nozzles,  moving  blades  and 
the  return  boxes  may  be  as  great  as 
ticsired,  and  all  danger  of  the  blades 
touching  in  consequence  of  expansion 
due  to  heat  is  done  away  with. 
The  cast  iron  casing  is  divided  vcr. 


MC.  8. — ALLEN  TURBO  DRIVKK  rUMPING  SET. 


Velocity  of  the  rotor  can  be  kept  low. 

I'or  very  high  steam  pressures,  or 
when  the  turbine  is  to  work  condensing. 
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tically.  and  is  exposed  only  to  a  slight 
internal  pressure,  and  may  thus  be 
built  lightly,  The  bearings  are  pro- 
vided normally  with  ring-lubrication, 
and  are  only  constructed  for  a  forcetl 
oil  lubrication  for  the  larger  sizes  of 
turbines,  in  which  case  the  oil  is  sup- 
plied by  an  oil  pump  driven  by  the 
turbine  shaft  antl  which  is  cooled  by 
a  tube-cooler.  The  spindle  is  made  of 
high  grade  steel  and  the  rotor,  when 
completed,  is  balanced  accurately. 

The  blade-wheel  shown  in  i-'ig.  b 
is  made  of  special  quality  steel  and 
poUshed  in  order  to  reduce  the  steam 
friction.  The  blades  are  constructed 
of  a  special  alloy  capable  of  with- 
standing the  high  temperature  of  the 
steam  without  corroding,  and  are 
fitted  into  the  blade  wheel  by  means 
of  a  chrome  steel  ring  shnmk  on,  while 
the  ends  of  the  blades  are  stiffened  by 
the  aid  of  a  shroud  ring  made  of  the 
same  material.  The  bronze  nozzles 
and  the  return  boxes  which  are  likewise 
of  bronze  are  also  highly  polished 
within,  in  order  to  reduce  the  loss  sub- 
sequent upon  friction.  The  glands  are 
fitted  with  a  labyrinth  packing,  the 
rotating  part  of  which  consists  of  steel 
rings,  while  the  stationary  part  is  of 
white  metal,  so  as  not  to  produce  any 
extreme  heat  in  case  of  touching.  At 
the  same  time,  and  in  consequence  of 


this,  the  clearance  may  be  kept  very 
small.  The  glands  arc  fed  with  live 
steam,  and  if  the  pressure  in  the 
turbine  casing  is  below  the  atmospheric 
pressure — which  is  generally  the  case 
when  condensing  turbines  come  in 
question — the  live  steam  is  introduced 
into  the  annular  space  of  the  stationary 
part  of  the  gland  in  order  to  prevent 
air  from  entering  the  casing  of  the 
turbine. 

The  governor  shown  in  Fig.  7  is  of  the 
centrifugal  type,  which  controls  a 
double  beat  throttle  valve  ;  in  most 
cases  an  emergency  governor  is  like- 
wise provided,  which  closes  a  separate 
valve. 

It  is  worth  noting  that  the  angle  of 
the  moving  blades  and  reversing  cham- 
bers was  determined  as  a  result  of  tests 
wherein  it  proved  to  be  the  most 
advantageous  for  the  purpose.  In  the 
event  of  a  constant  variation  of  the 
load  being  desired,  some  of  the  nozzles 
may  be  closed  by  hand.  The  casing  is 
subjected  to  an  examination  prior  to  its 
being  put  into  use,  and  is  heated  and 
then  again  allowed  to  cool  off  several 
times  in  order  to  detect  any  flaws  in  the 
casting.  The  exhaust  chamber  is  di- 
mensioned adequately  in  order  to 
e.xclude  the  possibility  of  any  internal 
back  pressure.  As  the  exhaust  steam 
is  perfectly  free  from  oil  it  may  be 
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utilised  for  various  industrial  pur- 
poses, such  as  heating,  etc.  Fig.  8 
shows  a  turbo  driven  pumpinK  set  by 
the  same  makers. 

The  steam  turbines  of  the  British 
Thomson-Houston  Company.  Ltd.,  of 
Rugby,  England,  are  hke  those  of  the 
French  Thomson- Houston  Company, 
Curtis  turbines  from  which  they  are 
distinguished  merely  in  the  construc- 
tion of  some  details,  and  for  which 
reason  they  are  here  dealt  with 
separately. 


metal  to  metal.  The  two  bearings 
are  supported  by  means  of  shoulders 
at  the  cover  of  the  turbine  casing,  and 
are  subjected  to  but  slight  tempera- 
tures and  pressures  even  at  the  glands 
and  the  turbine  casing  itself,  in  view 
of  the  fart  tliat  the  steam  pressure  in 
the  admission  nozzles  is  reduced  to 
25  per  cent,  of  the  boiler  pressure. 
Fig.  q  shows  the  lower  part  of  the 
casing  of  a  3,<m)o  k.w.  turbine  having 
four  stages.  Each  stage  is  formed 
by  a  Curtis  wheel  having  several  rows 
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The  bed-plate  of  the  turbine  is  made 
of  one  piece,  provided  the  conditions 
of  casting  and  transport  permit  of 
this,  for  both  turbine  and  generator, 
and  is  provided  with  a  bo.x-shaped 
cross  section  which  gives  it  great 
rigidity.  In  the  case  of  larger  tur- 
bines the  ca.sing  of  the  turbines  is 
divided  in  a  vertical  direction  twice. 
The  vertical  screw  connections  are 
permanent  ones,  and  are  not  screwed 
off,  while  the  horizontal  connection 
must  permit  of  a  facile  detaching  to 
allt)W  the  rotor  being  examined  at  any 
time  desired.  The  working  surfaces 
are  ma<le  steam  tight  without  the  use 
of  packings  merely  by  carehilly  fitting 


TAL  THRCF.  PHASE  CUMTI»  TLHHO  ALTEMNATOR. 

of  buckets  and  a  diaphragm  containing 
the  nozzles.  The  live  st<'am  enters 
at  the  centre  of  the  turbine  casing 
into  the  admission  nozzU-s  of  the  hrst 
pressure  stage  which  is  fonned  at 
this  point  by  the  second  wheel,  while 
the  second  pressure  stage  is  representetl 
by  the  first  moving  wheel.  After  that 
the  steam  passes  through  an  opening 
in  the  turbine  casing  in  front  of  the 
third  pressure  stage,  and  thereupon 
across  the  fourth  and  five  stages 
to  the  condenser.  All  the  glands  have 
packing  against  the  atmospheric  pres 
sure  on  the  side  of  the  governor  and 
against  vacuum  on  the  e.xhaust  side. 
The  governing  mechanism  is  of  the 
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automatic  nozzle  type,  as  in  the  case 
of  the  turbines  built  by  the  French 
Thomson-Houston  Company,  from 
which  they  distinguish  themselves 
principally  by  the  use  of  the  oil- 
servomotor.  The  cam  shaft  is  driven 
by  means  of  a  rotating  piston  which  is 
turned  either  to  the  one  side  or  the 
other,  according  to  the  supply  of 
forced  oil.  The  cams  are  seated 
heliciUly  on  the  cam  shaft  so  that  the 
inlet  valves  may  be  opened  successively 
one  after  the  other.  Each  of  these 
valves  sends  live  steam  to  one  of  the 
sets  of  admission  nozzles,  so  that  the 
admission  is  always  and  at  every  mo- 
ment in  proportion  to  the  load. 

The  turbine  and  the  generator  are 
each  provided  with  two  spherical 
bush  bearings,  having  cast  iron  bushes 
which  are  fitted  with  white  metal 
paddings  lodged  in  dovetailed  slots. 
The  bearings  are  lubricated  by  means 
of  forced  oil,  which  is  supplied  by  the 
usual  kind  of  oil  pump  of  the  rotary 
gear  type.  Turbines  having  an  output 
of  less  than  1,500  k.w.  are  likewise 
fitted  with  ring  lubrication.  Fig.  10 
shows  a  high-pressure  three  stage 
turbo  alternator. 

On  the  side  of  the  governor  there 


is  lodged  a  small  thrust  bearing  of 
ordinary  build,  the  rotating  collars  of 
which  are  turned  into  the  shaft,  while 
the  stationar)'  rings  are  made  of  white 
metal  and  are  fitted  in  a  cast  iron 
casing.  The  lubricating  oil  is  supplied 
at  a  25  lb.  pressure,  which  is  main- 
tained by  means  of  a  relief-valve. 
The  glands  are  provided  with  carbon 
rings,  which  are  composed  of  four  parts, 
and  which  press,  by  means  of  a  spring 
lodged  at  the  circumference,  against 
a  sleeve  fitted  on  to  the  shaft.  In 
case  of  need  the  gland  is  supplied 
with  low  pressure  steam  for  the  pur- 
pose of  packing. 

The  shaft  is  hammered  out  of  good 
giade  steel  and  the  wheels  are  cast 
steel.  The  moving  wheels  are  pro 
vided  with  a  strong  boss,  which  is  keyed 
on  to  the  shaft,  and  which  makes  it 
impossible  for  a  loosening  to  take  place 
while  the  turbine  is  at  work,  and  are 
fitted  with  two  slots  into  which, 
through  enlarged  openings,  the  blades 
of  the  impulse  type  are  placed.  After 
the  blades  have  been  fitted  in,  the 
said  openings  are  filled  by  means  of 
steel  caulking  pieces.  The  impulse 
blades  are  made  of  good  quality  bronze, 
and  are  highly  polished.  The  stationary 
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blade  rims  are  put  together  in 
segments  outside  of  the  tarbine, 
which  segments  are  screwed  on  to 
inner  ribs  in  the  casing  of  the  turbine. 
Fig.  II  shows  the  rotating  element 
of  a  2,500  k.w.  1,500  r.p.m.  Curtis 
turbine.  The  diaphragms,  which  are 
made  of  cast  iron,  supjxjrt  the  nozzle 
segments,  which  are  likewise  made  of 
cast  iron  and  which  have  nickel  steel 
partitions  cast  into  them.  The  pack- 
ing toward  the  shaft  is  secured  by  means 
o£;a  brass  ring,  cooipceed  of  three  parts. 


is  allowed  to  flow  into  the  second  stage 
by  separate  nozzles  without  mixing 
itself  with  the  exhaust  st<  ;im  coming 
from  below.  It  is  only  in  the  third 
stage  that  two  Idnds  of  steam  work 
together. 

The  governor  employed  in  a  mixed 
pressure  turbine  has  to  solve  the  ques- 
tion of  making  the  quantities  of 
exhaust  steam  and  hve  steam  supplied 
to  the  turbines  dependent  on  the 
exhaust  steam  on  hand,  and  that  in  a 
manner  different  from  that  of  the 
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having  grooves  within  and  which  is 

compressed  bv  two  springs  scatrd 
without.  The  rings  are  capable  of 
expanding  freely  in  a  radial  sense  and 
are  s(h  urctl  against  anv  axial  displaro- 
ment  by  means  of  two  plates  screwed 
on  at  the  side.  They  allow  of  but 
a  sm  il!  vlcarance  \vitn  respect  to  the 
shaft,  though  there  is  no  danger  of 
any  damage. 

A  three  stage  mixed  pressure  tur- 
bine is  shown  in  Fig.  When  live 
steam  is  supplied  to  the  turbuie  it  is 
expanded  in  the  first  stage  to  about 
the  degree  of  exhaust  steam,  while  it 


governor  of  the   French  Thomson- 

HtHivtoii  Company.  The  inlet  valves 
of  the  Ingh  pressure  part  are  governed 
in  the  same  manner  as  in  the  case  of 
the  normal  condensing  turbine,  and 
both  the  high  pressure  valve  and  the 
valve  for  the  exhaust  steam  are 
under  the  control  of  the  governor. 
Beyond  that,  a  cam  sleeve  is  fitted 
on  the  ram  shaft  of  the  high  pressure 
valve  the  motion  of  which  is  trans- 
mitted by  a  lever  and  a  link  on  to  the 
valve  of  the  exhaust  steam.  The 
link  consists  of  a  metal  casing  which 
contains  a  spring  and  a  pawl  and  is 


Digiiizea  by  Google 


STEAM  TURBINES 


387 


under  control  of  a  safety  govt-rnor. 
The  safety  governor  is  the  same  as 
that  in  t&  case  of  the  normal  con- 
densing turbine  and  shuts  off  by  means 
of  gear  rods  both  the  inlet  valve  of 
the  high  pressure  part  as  also  the 
valve  of  the  exhaust  steam  when  the 
normal  number  of  revolutions  is 
exceeded.  It  essentially  consists  of 
a  steel  ring  which  is  heavier  on  the 
one  sidr  than  on  the  other,  and  which 
is  maintamed  by  a  spring  and  a  bolt 
concentrically  on  the  tiurlnne  shaft. 
In  the  event  of  a  certain  number  of 
revolutions  being  exceeded,  which  may 
be  adjusted  by  means  of  spring 
pressure,  the  centrifugal  force  of  the 
unbalanced  ring  overcomes  the  force 
of  the  spring  working  against  it,  and 
the  rinp  oscillates  like  an  eccentric. 
At  the  same  time  it  strikes  against  a 
pawl,  which  releases  the  gear  rods 
for  the  high  pressure  valve  and  the  pawl 
for  the  low  pressure  valve,  whereupon 
both  valves  are  at  once  shut  by  means 
of  the  spring  pressed  down  on  them. 

In  the  case  of  the  reducing  turbines 
of  the  British  Thomson-Houston  Co. 


the  steam  pressure  is  maintained  con- 
stant by  a  spring  loaded  governing 
piston,  which  is  connected  with  a  large 
horizontal  floating  lever  to  a  servo- 
motor, the  high  pressure  and  the  low 
pressure  valves  are  joined.  The  oil  relay 
piston  works  in  a  similar  manner  as 
m  the  case  of  the  high  pres'jurp  turbine. 
If  for  example  the  steam  pressure 
rises  then  the  governing  piston  is 
pressed  upwards,  its  spring  is  com- 
pressed, and  the  spring  pressure  is 
transmitted  on  to  the  floating  lever 
which  shuts  off  the  live  steam  some- 
what and  at  the  same  time  opens  the 
low  pressure  valve,  whereby  the  pres- 
sure of  the  steam  is  caused  to  drop 
again. 

For  outputs  up  to  250  H.P.  the 

British  Thomson-Houston  Company 
constructs  small  turbines  having  one 
to  three  Curtis  wheels,  which  gener- 
ally work  non-condensing.  All  tur- 
bines are  provided  with  a  safety 
governor,  wnich,  in  the  event  of  the 
normal  number  of  revolutions  being 
exceeded,  shuts  off  the  supply  m 
steam. 
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THE   MOTOR  EXHIBITION   AT  OLYMPIA 

A  BRIEF  REVIEW  OP  GENERAL  TENDENCIES  IN  CHASSIS  DESIGN 

By  A  Corrcsponcknt 


ALTHOUGH  it  will  hardly  be 
siigpcsted,  \vc  think,  that  we 
;ire  approaching  hnality  in 
chassis  design,  it  seems  to  be  the  general 
opinion  that  this  year's  exhibition  at 
OljTnpia  would  be  best  dtscnbed — 
speaking,  of  rattrse.  broadly — by  the 
words  "  Nothing  new.  '  This,  how- 
ever, must  not  be  taken  too  literally, 
for  although  many  of  the  fiiins  repre- 
sented had  no  lu'sitation  in  Saying,  in 
SO  many  words,  that  they  had  made  no 
change  whatever  on  last  year's  models, 
there  were  many  others  who  claimed 
to  have  made  improvements  in  details, 
and  there  were,  besides,  a  fair  number 
of  entirt  l\'  new  models. 

It  is  not  possible,  within  the  scope 
of  a  short  article,  to  describe  or  even 
enumerate  such  detail  improvements : 
they  are  too  many  in  number,  and 
besides,  such  descriptions  would  l)e 
liable  to  give  too  narrow  a  \'iew  by 
creating  impressions  from  the  individual 
cases  described. 

It  is  proposed,  therefore,  to  take 
only  a  wide  general  survey  of  tendencies 
dealing  with  the  various  parts  of  the 
chasas  in  succession.  Before  doing 
so  it  may  not  be  out  of  place  to  record 
the  fact  that  to  a  greater  extent  than 
ever  before  the  mam  interest  of  the 
Show  is  transferring  itself  from  the 
chassis  to  the  body  work.  Although 
there  were  no  radical  departures  m 
body  design,  the  general  standard  of 
excellence,  in  refinement  of  outline 
and  detail  and  tine  finish,  showed  a 
most  marked  and  highly  satisfactory 
advance  on  anything  that  has  gone 
before,  and  the  writer  does  not  hesitate 
to  say  ,  from  a  close  personal  ins])ection 
of  the  OlvTnpia,  I'aris  and  Krussels 
Shows  of  the  past  two  years,  that  no 


better  display  of  motor  carriage  work 
has  ever  been  brought  together. 
Kngines.  ' 

Engine  devign  has  nOW  settled  down 
to  a  fairly  uniform  type.  flii' fly 
notable  is  the  fact  that  every  one, 
almost  without  exception,  has  four 
cylinders  The  single  rylintler  had 
practically  disappeared  last  year,  and 
now  the  two  cylinder  type  has  gone 
also.  Another  feature  tO  be  noted 
is  the  advance  in  casting  the  (nrlinders 
en  hloc.  This  obtains  throughout  in 
the  smaller  powers,  but  the  same 
principle  is  being  extended  more  and 
more  to  the  larger  sizes. 

There  are  still,  of  course,  many 
makers  who  adhere  to  the  system  of 
casting  in  pairs,  while  Mr.  .Austin 
stands  practically  alone  in  casting  his 
t\linders  singly,  but  it  may  be  said 
that  the  four  block  has  "  made  good," 
and  that  it  makes  for  a  neatness  and 
cleanness  of  appearance  w  hir  h  is 
particularly  attractive.  In  this  con- 
nection it  may  be  mentioned  that 
designers  are  going  fnrfhtr  than 
merely  casting  the  four  cylmdcrs  in 
one ;  they  now  incorporate  in  the 
casting  passages  for  the  induction, 
and  in  some  cases  also  for  the  exhaust, 
thus  eliminating  the  outside  pipes 
which  used  to  be  a  feature  of  all 
engines  and,  in  many  cases,  a  particu 
larly  clumsy  and  ugly  one. 

In  i  rgard  to  cooling,  it  must  surely 
be  due  to  the  "  natural  cussedness  " 
inherent  in  human  nature  that  dehnite 
choice  has  not,  long  ago.  been  made 
between  thermo-syphon  or  pump 
circulation.  Judging  from  the  fairly 
e\en  balance  in  the  proportions  in 
which  the  two  systems  are  used  it 
can  only  be  inferred  that  there  is  a  very 
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distinct  cleavage  of  opinion  as  to  which 
is  best,  for  while  on  the  one  hand  we 
see  that  the  Renault  firm  have  never 
wavered  in  their  adherence  to  the 
thermo-syphon  system,  still,  there  are 
other  firms  of  hardly  less  repute  who 
adhere  just  as  tenaciously  to  the 
pump. 

Before  passing  on  to  the  next  item, 
clutches,  mention  may  be  made  of 
valves  and  valve  arrangements.  With 
but  few  exceptions  poppet  valves  hold 
the  field.  The  Silent  Knight  double 
sleeve  valve  engine  has  not  lost  any 
of  its  popularity,  and  the  Argyll  single 
sleeve  type  holds  its  position  well  and 
finds  further  additions  to  the  list  of 
foreign  firms  who  manufacture  it 
under  licence ;  also,  the  Maudslay 
Co.  have  come  out  this  year  with  a 
new  type  of  non-poppet  valve  engine, 
but  all  the  others  seem  to  have  died 
out.    The   Darracq    Co.,    after  two 


years'  experience,  have  discarded  their 
"  valveless  "  engine  and  reverted  to  the 
old-fashioned  poppets,  and  really,  if 
the  latter  and  their  operating  mechan- 
ism are  properly  designed,  they  are 
very  hard  to  beat.  With  rare  excep- 
tions, valves  are  always  arranged  all 
on  the  near  side  of  the  engine,  the 
stems  and  springs  being  enclosed  by 
easily  removable  cover  plates. 
Clutches. 
The  leather  faced  cone  has  beaten 
the  multiple  disc  variety  from  the 
field  by  its  simplicity,  cheapness, 
ease  of  maintenance,  and  general 
reliability  and  efficiency.  The  single 
metal  disc  type,  however,  has  been 
steered  through  the  initial  diflFiculties 
which  beset  it,  and  is  now  coming 
rapidly  to  the  front.  The  chief  trouble 
with  it  was  in  the  matter  of  lubrication, 
for  if  the  oil  was  thick  enough  to 
lubricate  properly  it  prevented  that 
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rapid  dist  ngnficmcnt  w  hich  is  essential 
for  noisc'K'SS,  rapid  gear  changing, 
whilst  if  it  were  thin  enougli  (or  this 
latter  purptwe.  it  failed  to  lubricate 
ami  was  kept  by  centrifugal  action  too 
much  off  the  plate. 

The  solution  of  the  difficulty  has 
been  found  in  adopting  a  construction 
which  requires  no  lubrication  at  all, 
i.e.,  the  light  steel  or  bronze  disc 
forming  the  driven  member,  instead 
of  being  gripped  between  metal  iaces, 
is  now  placed  between  faces  (»f  "Ker- 
odo."  or  "  Kaylx'Stos."  both  of  whicl; 
had  previously  been  used  for  lining 
brake  shoes  and  found  to  wear  ex- 
cellently. The  same  materials  arc 
also  used  now  for  cone  clutches  in  place 
of  leather,  and  are  found  to  wear 
Ix'tter  and  last  longer. 

For  the  transmission  between  clutch 
and  gear  box  the  general  practice  now 
is  to  use  a  shaft  with  universal  joint 
couplings  at  l>oth  ends  in  order  to 
provide  against  the  effects  of  frame 
distortion.  Instead  of  trim  on  antl  pin 
jointed  universals.  the  use  of  leather 
or  thin  spring  steel  discs  is  more 
fiequently  noticed. 

Gf..\r  Boxes. 

There  is  not  much  that  is  new  to 
report  in  gear  box  design  beyond  the 


fact  that  four  speeds  are  steadily 
displacing  three,  and  that  the  carry- 
ing of  till'  change  lever  and  gate  upon 
a  tubular  projection  from  the  box 
itself  or  its  cover,  antl  keeping  it 
entirely  detached  from  the  chassis 
frame,  is  iinding  favour  with  many  of 
the  best  makers.  The  idea  of  this  is, 
of  course,  to  relieve  the  change-lever 
shaft  from  being  strained  owing  to 
whip  in  the  chassis  frame,  which,  on 
occasions,  has  been  known  to  inter- 
fere with  gear  changing  at  critical 
mi»ments. 

But  the  much  more  satisfactory 
method  of  placing  the  levers  centrally 
in  the  car.  and  therefore  directly  on  to 
the  gear  box,  as  is  done  in  many 
American  as  well  as  Continental 
models,  has  not  so  far  found  any 
favour  amongst  British  chassis  makers. 

The  "  rNiT  "  Power  System. 

Originated  by  the  French  "  Moto- 
bloc  ■■  Co.,  in  quite  early  days  of  the 
motor  movement,  this  system  of  build- 
ing up  the  engine  and  gear  Vmx  in 
one  unit  has  heki  its  own,  and  even 
appears  to  gain  fresh  adherents.  And 
yet  it  may  be  seriously  doubted  whether 
it  is  right,  having  regard  to  the  fact 
that  it  is  now  accepted  in  some  quarters 
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that  a  moderate  amount  of  whip  in  a 
frame  is  less  objectionable  than  a  too 
rigid  one.  In  at  least  one  case  the 
gear  box  has  been  nnjved  further  back 
in  order  to  permit  of  a  longer  shaft 
from  clutch,  and  so  improve  the 
flexibility.  The  unit  system  must 
undoubtedly  make  for  increased 
rigidity  in  the  forward  part  of  the  car. 
and  the  greatly  increased  weight 
concentrated  there  can  hardly  bo 
lookid  upon  as  an  improvement.  Nor 
do  we  think  it  can  be  greatly  desirable 
from  a  manufacturing  point  of  view, 
as  the  combination  is  heavier  to 
handle  an<l  recjuires  no  fewer  nor  less 
intricate  jigs.  And  fmally,  it  is,  if  any 
thing,  less  easy  to  overhaul  or  repair. 
.Another  gear  box  combination,  not 


by  any  means  new,  but  brought  into 
prominence  this  year  by  reason  of  the 
fact  that  it  has  been  adopted  by  the 
Daimler  Co.  for  their  20  H.P.  new 
model,  and  also  by  the  Siddeley- 
Dea-y  Co.  for  their  new  14-20  H.P. 
model  -tlv  uih  the  latter  had  pre- 
viously adoj)ted  the  same  design  in 
their  jo  cwt.  industrial  chassis — is  that 
in  which  it  is  built  up  in  one  unit  with 
the  rear  axle,  propell  -r  shaft  and  casing. 
This  arrangement  was  objected  to  by 
theorists  on  the  ground  that  it  was 
wrong  to  add  to  the  "  unsprung 
weight."  but  like  various  other  theories, 
this  has  been  disproved  in  practice. 
Being  now  accepted  by  Shefheld 
Simplex.  B.S.A.,  Daimler,  and  Siddeley- 
Dcasy,  not  to  mention  several  American 
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firms,  it  is  not  unlikely  that  others 
will  follow  suit.  It  is  a  style  of  con- 
struction that  should  prove  suitable 
for  the  very  small  cars  which  are  being 
develop>ed  from  the  cycle  car,  and  in 
competition  with  cheap  American 
importations. 

Final  Drive. 

Bevel  gears  for  back  axle  drive  still 
hold  premier  place,  in  spite  of  the 
favour  in  which  worm  drive  is  held,  and 
the  fact  that  the  mechanical  efiiciency 
of  the  worm  has  been  demonstrated 
to  be  fully  as  high  -  e-\cept  at  low 
specds^ — as  the  bevel.  The  trade  is 
divided  into  two  opposing  camps  in 
regard  to  this  question,  and  it  will  be 
interesting  to  obserw  which  side  wins 
in  the  end,  but  we  think  the  end  is  as 
yet  far  off. 

The  Mors  Company  have  now 
adopt(  tl  Citroen  dotible  helical  gears  for 
use  in  the  back  axles  and  differentials  of 
all  their  cars.  Citroen  gears  run  with 
a  complete  absence  of  noise,  are  very 
much  stronger  than  bevel  g*ars,  and 
give  the  high  eHiciency  of  o.S  per  cent. 
Comparing  the  Citnten  gears  with 
worm  gears,  they  are  even  more  silent 


than  the  latter,  but  of  course  score 
considerably  in  the  way  of  efficiency 
and  durability,  and  give  no  lubrication 
trouble  whatsoever. 

With  regard  to  the  steel  used  for  the 
Citroen  gears,  experience  so  far  tends 
to  prove  that  case-hardening  steel  does 
not  give  quite  as  satisfactory  results  as 
steel  undergoing  heal  treatment,  and 
for  the  present,  Citroen  gears  are  made 
of  the  latter  class  of  steel,  such  as 
B.N.D.  and  C.N.,.  This,  however, 
does  not  exclude  the  possibility  of  case- 
hardening  steel  being  usc^  eventually, 
although  the  above-mentioned  steels 
arc  giving  entirely  satisfactory-  results 
as  regards  durability. 

Novelties  in  Tr.vnsmission. 

Although  it  is  applied  to  only  a 
small  car.  the  Cowey  Hngineering  Com- 
pany showed  a  change  speed  gear 
which  is  a  distinct  novelty.  In  effect 
it  is  a  variable  sjxrd  clutch  which 
provides  six  ordinary  forward  sjx'eds. 
together  with  the  u^ual  reverse  and 
neutral  positions,  l  lie  apparatus  con- 
sists primarily  of  thne  parts,  namely, 
the  engine  tly wheel,  a  conical  disc 
driven  bv  the  flvwheel  and  attached 
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to  the  carclan  shaft,  and  an  intorme- 
diate  chitch  disc  between  the  flywiieei 
and  the  cardan  shaft  disc.  Declutching 
on  any  gear  is  accomplished  by  merely 
separating  the  discs,  which  is  done  by 
clutch  pedal  in  the  usual  way.  The 
discs  and  flywheel  are  on  parallel  axes, 
and  not  at  right  angles  as  with  friction 
gears,  and  for  top  gear  the  two  axes 
are  brought  on  to  the  same  line,  thus 
forming  an  ordinary  clutch,  the  only 
difference  being  that  there  is  no  gear 
box.  To  obtain  a  reduction  of  gear  the 
propeller  shaft  disc  is  displaced  hori- 
zontally across  the  frame  of  the  car, 
so  that  its  axis,  though  still  parallel  w  ith 
and  on  the  same  level  as  the  flywheel 
and  engine  axis,  is  a  little  to  one  side  of 
it  ;  the  rim  of  the  driven  ilisc  now 
engages  with  a  portion  of  the  flv'whecl 
surface  nearer  to  the  centre,  and  con- 
sequently of  smaller  diameter,  and  thus 
a  reduction  of  gear  results.  This 
method  may  be  continued  until  the 
centre  of  the  flywheel  is  approached, 
giving  a  gradually  tlecreasing  speed 


ratio,  and  by  carrying  the  rim  of  the 
driven  disc  completely  across  the 
centre  of  the  fl>'wheel  a  reverse  drive 
is  obtained.  Reference  to  the  diagram 
will  make  this  explanation  clear. 

The  insertion  of  the  intermediate  disc 
between  the  fl\^'heel  and  the  driven 
disc  has  the  effect  of  providing  a  com- 
plete annular  clutch,  which  reduces 
wear  to  a  negligible  quantity.  Inci- 
dentally, it  may  be  mentioned  that 
this  little  car  of  the  Cowey  Company 
is  fitted  with  their  patent  pneumatic 
suspension  (shown  in  the  accompanying 
illustration),  which  does  away  with  the 
ordinary  semi-elliptic  plate  springs  used 
in  the  majority  of  cars.  In  place  of 
this  they  have  introduced  a  device 
consisting  of  four  piston  rods  connect- 
ing the  car  axles  with  pistons  free  to 
move  up  or  down  in  cylinders.  The 
upper  part  of  each  cylinder  forms  a 
large  air  jacket,  which  is  part  of  it. 
The  cylinder  and  air  jacket  arc  sup- 
plied with  compressed  air,  which  bears 
down  upon  the  piston  with  exactly  the 
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required  degree  of  pressure  necessary  to 

maintain  it  in  normal  position,  and 
thus  supports  the  weight  of  the  car  ; 
and  as  the  apparatus  is  directly  in- 
terposed between  the  two  axles  of  the 
vehicle  and  its  framr.  it  follows  that 
the  latter  is  actually  floating  on  four 
cylinders  of  compressed  air.  As  the 
car  travels  nvor  the  road  surface  the 
pistons  reciprocate  in  their  respective 
cylinders,  and  thus  permit  the  road 
wheels  to  rise  and  fall  freely  while 
negotiating  inequalities,  and  quite  irre- 
spective off  any  give  in  the  pneumatic 
tyres.  The  < ombined  capacitv  of  each 
cylinder  and  air  jacket  is  so  large  in 
relation  to  the  piston  area  that  the 
upward  or  downward  move  mcnt  of  the 
piston  can  take  place  without  making 
any  considerable  difference  to  the  air 
pressure  in  the  apparatus,  and  conse- 
quently, the  supporting  force,  due  to 
nie  intervention  of  the  compressed  air 
between  piston  and  cylinder,  remains 
practically  unaltered.  Provision  is 
made  in  the  apparatus  to  meet  the  diffi- 


culty of  varying  loads,  this  being 
accomplished  by|nit  ans  of  an  inlet  valve 
at  the  top  of  each  cyhnder  in  conununi- 
cation  vath  an  air  reser\'oir,  the  con- 
tents of  which  are  maintained  at  a 
sufficient  pressure  to  cope  with  the 
heavier  load  which  may  come  upon  the 
vehicle.  When  the  load  is  increased 
the  pistons  immediatelv  rise  in  their 
cylinders,  and  ni  doing  so,  force  open  the 
inlet  valves,  and  thus  allow  air  from 
the  reservoir  to  enter  the  cNliiiders 
until  the  pistons  are  again  forced  down 
to  their  normal  position  ;  in  a  similar 
but  reversed  way  a  certain  proportion 
of  air  is  allowed  to  escape  should  the 
load  be  decreased. 

Frames  .wd  SpinNt.s. 
There  is  not  much  requiring  com- 
ment under  this  heading.  The  frames 
especially  being  of  the  conventional 
pressed  steel  variety,  which  are  prac- 
tically standardised  by  all  makers.  In 
regard  to  springs,  it  is  noticed  that  in 
some  cases  they  are  attached  to  the 
under  side  of  the  rear  axle,  instead  of 
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hang  placed  on  the  top.  There  is  a 
tendency,  too,  to  make  springs  rather 
wider,  with  less  ramber,  and  rather 
fewer  plates.  It  was  noticed  also  that 
the  use  of  inverted  semi-elliptic,  or, 
as  they  are  called,  cantilever  sprints, 
is  decidedly  onj  the  increase,  prominent 


examples  of  this  system  being  seen  on 

the  Rolls  R<  >yce,  Sheffield  Simplex, 
Daimler  and  Siddeley  Dcasy  models. 
Mechanical  Engine  Starters. 

Certainly  one  of  the  features  of  the 
1913  Exhibition  is  in  the  extent  to 
which  mechanical  engine  starters  have 
been  adopted.  Tht  greater  proportion 
of  these  are  of  the  electr  c  motor  type, 
these  being  tittt^d  by  the  Suldeley 
Deasy,  Xrrol  Johnston,  Austin, 
Dennis,  Sheffield  Simplex,  Lanchester, 
Armstrong  Whitworth,  Crossiey  and 
other  firms,  whilst  the  Wolseley  and 
Sunbeam  companies  have  adopted 
compressed  air  systems. 

In  the  electric  motor  type  there  are 
at  least  two  different  arrangements  of 
the  apparatus  on  view.  One,  in  wiiich 
the  same  machine  is  used  as  a  com- 
bined motor  ^'enerator  for  engine  start- 
ing and  car  lighting,  the  second  in 
which  separate  machmes  are  used,  that 
is,  a  motor  for  starting  the  engine 
and  a  separate  dynamo  to  provide 
current  for  the  motor,  and  also  for  the 
electric  lighting  of  the  car.  Opinions 
seem  to  be  divided  as  to  which  is  the 
better  system.  On  the  one  hand, 
simplicity  seems  to  favour  the  com- 
bined motor  generator,  but  tlif  use  of 
this  involves  a  drive  from  the  tlywheel 
by  gear  and  pinion,  which  is  not  quite 
so  smooth  and  satisfactory  as  a  belt 
drive.  Nearly  all  the  electrical  starters 
act  upon  the  flywheel  through  a  pinion 
on  the  motor  spindle,  or  on  an  inter- 
mediate reduced  speed  shaft,  engaging 
with  a  ring  of  teeth  fitted  to  the  fly- 
wheel. When  it  is  desired  to  start  the 
engine,  the  pinion  is  made  to  slide  into 
engagement  with  this  ring,  but  as  soon 
as  the  main  engine  takes  up  its  drive, 
the  pinion  is  automatically  drawn  out 
of  gear  by  a  spring.  The  neatest 
arrangement  of  the  combined  system 
was  seen  on  the  Sheffield  Simplex 
chassis,  in  which  it  is  built  on  the 
engine  si  ift  uu!  takes  the  place  of  the 
flywheel.  In  the  .Austin  arrangement, 
instead  of  having  a  ring  of  teetli  on  the 
flywheel,,  a  \'-groove  is  used,  with  a 
corresponding  friction  pulley  on  the 
end  of  a  flexible  extension  of  the  motor 
spindle.  By  means  of  a  foot  pedal,  the 
friction  pnlley  is  pressed  into  engage- 
ment with  the  groove  in  the  flywheel. 
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and  although  friction  driws  of  this 
nature  arc  not  approved  of  for  con- 
tinuous use,  it  would  seem  that  in 
this  application  the  system  is  justified. 
The  great  expense  of  these  electrical 
motor  starters,  and  the  fact  that  they 
impose  a  ver\'  heavy  load  upon  the 
battery  when  starting  the  engine,  is 
likely,  we  think,  to  make  the  market 
in  tiiem  rather  a  restricted  one,  and 
we  gathered  that  there  is  a  general 
feeling  throughout  the  trade  that  much 
more  experience  in  their  use  will  be 
required  before  they  can  be  recom- 
mended for  wide  adoption. 

The  compressed  air  systems  adopted 
by  the  Wolseley  Co.  and  the  Sunbeam 
Co,  differ  a  good  deal  in  their  details. 
That  of  the  Wolseley  Co.  (sht)wn  in  the 
illustration)  comprises  a  small  double 
cylinder  air  compressor  fitted  on  the 
gear  box,  and  operated  by  a  silent  chain 
drive,  and  adapted  to  be  thrown  out 
of  gear  when  not  required.  This  com- 
pressor supplies  air  at  a  pressure  up 
to  about  300  lb.  per  s(|.  in.,  but  ex- 


perience has  shown  that  from  2oo — 
250  lb.  is  sufticient.  the  higher  pressure 
being  necessary  only  when  starting 
from  cold  in  winter  tipic.  From  the 
steel  reservoir  a  pipe  is  led  to  a  dis- 
tributor valve  fitted  at  the  front  end 
of  the  engine,  and  operated  by  an 
extension  of  the  cam  shaft.  From  this 
distributor  valve,  pipes  are  led  to  each 
of  the  main  cylinders,  and  thus  by 
operating  a  small  lever  on  the  dash- 
board, air  is  at  once  admitted  to  the 
cylinder  which  is  in  a  proper  p<jsitiou 
to  receive  a  charge.  The  apparatus  is 
quite  simple,  and  it  may  be  mentioned 
incidentally  that  the  compressed  air 
may  be  used  also  for  tyre  inflation. 

In  the  Sunbeam  arrangement,  in- 
stead of  using  the  compressed  air  in  the 
main  cylinders,  it  is  taken  to  a- small 
three-cylinder  single  stroke  engine  fitted 
at  the  side  of  the  main  engine,  the  drive 
from  this  is  applied  to  a  ring  of  teeth  on 
the  flywheel,  through  the  medium  of  a 
short  square-ended  shaft  with  a  sliding 
pinion. 
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Brakes. 

Considorations  of  safotv  for  passen- 
fjers  led  to  very  cart-ful  brake  ilesif^ninfi 
in  the  earlier  days  of  motor  constnu  - 
tion.  so  that  any  alterations  or  im- 
provements now  are  of  a  minor  kind, 
and  generally  take  the  form  of  refine- 
ment in  details  and  means  of  adjust- 
ment. 

In  the  new  models  of  the  Daimler  Co. 
and  the  Si<ldeley  Heasy  (. O.,  in  which 
the  K^ar  bo.xes  are  incorporated  with  the 
rear  axle  and  propell  -r  shaft  casing,  the 
front  brake  has  been  fitted  to  a  rear- 
ward extension  of  the  worm  shaft,  just 
above  the  back  axle,  a  position  in  which 
it  is  very  accessible  for  cleaning  or 
adjustment.    In  some  cases  the  usual 


gearbox  brake  has  been  eliminated  in 
favour  of  an  extra  pair  of  shoes  ar- 
ranged side  by  side  with  tlie  hand- 
operated  brakes  in  the  rear  wheel 
hubs.  Ferodo,  or  Kaybestos,  are  now 
largely  used  for  facing  the  brake  shoes, 
in  place  of  metal,  being  found  to  act 
more  smoothly  and  to  have  wonderfully 
good  wearing  qualities. 

New  Models. 

Quite  a  number  of  firms  exhibited 
entirely  new  models,  and  although  in 
most  cases  the  new  designs  followed 
closely  the  existing  standards  of  the 
various  firms  in  question,  in  one  or  two 
instances,  such  as  the  Daimler,  Siddelcy 
Dcasy.  and  Austin,  quite  radical 
departures  were  noticed. 

Perhaps  the  most  conspicuous  of  these 


was  the  Daimler  new  20  H.P.  model. 
It  has  a  Silent  Knight  engine, of  course, 
the  4  cylinders  having  a  bore  and  stroke 
of  90  and  i.}omm.  respectively. 

The  most  important  change  is  in  the 
transmission,  for,  as  already  mentioned, 
the  gear  box,  instead  of  being  an  inde- 
|H'ndent  item,  between  the  chitch  and 
proixMI  r  shaft  is.  in  this  case,  built  up 
as  part  of  the  central  portion  of  the 
rear  axle  casing.  The  axle,  as  in  other 
Daimler  nmdels.  is  worm  driven,  but 
the  worm  is  placed  above  instea<l  of 
bek)W  the  wh(>el.  in  order  to  keep  the 
axis  of  the  propell  r  shaft  horizontal, 
and  avoid  the  necessity  of  arrangin.g 
the  engine  and  transmission  on  the 
slope. 


.\ttachcd  by  a  flange  joint  to  the 
forward  end  of  the  gear-box  is  the 
propeller  shaft  casing  tulx*  of  steel, 
which  terminates,  at  its  fonvard  end, 
in  a  ball-shaped  piece  that  rests  in  a 
cup-shaped  piece  or  socket  fixed  to  a 
deeply-flanged  cross-member  of  the 
chassis  frame  immediately  behind  the 
clutch. 

On  this  cross-member  are  arrangetl. 
also,  the  clutch  and  brake  pedals,  and  a 
clutch  stop  brake.  The  projx'ller  shaft 
casing  tube  acts  as  a  thrust  and  torque 
memi)er,  and  is  strongly  connected, 
through  lugs  on  the  gear  box,  to  the 
back  axle  ends  by  diagonal  stays. 

The  foot  brake  has  been  already 
referred  to  as  being  fitted  to  an  exten- 
sion of  the  worm  shaft,  whilst  the  side 
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brakes,  following  Dd^imler  standard 
practice,  are  of  the  external  band 
variety,  acting  on  the  outside  of  the  rear 
wheel  drums. 

The  suspension  of  the  new  model  is 
another  feature  which  departs  entirely 
from  the  usual  Daimler  style,  the 
springs  being  of  the  semi-eliptic  in- 
verted, or  cantilever  type.  One  end 
of  each  spring  is  attached  to  the  back 
axle,  while  the  centre,  and  the  other 
end,  are  attached  to  the  frame.  The 
greater  part  of  the  weight  of  the  spring 
is  by  this  means  removed  from  the  axle, 
and  becomes  part  of  the  sprung  weight 
of  the  car.  Another  unusual  feature  in 
connection  with  these  springs  is  in  the 


fact  that  the  front  ends  are  attached 
immediately  under  the  side  members 
of  the  chassis  frame  from  which  points 
they  are  splayed  outwards  to  the  axle 
ends,  the  centres  being  shackled  to 
projecting  brackets. 

The  frame  is  of  pressed  steel,  with 
parallel  sides,  stn)ngly  braced  together 
by  the  massive  cross-member  Ix'hind 
the  flywheel,  and  by  another  down- 
wardly arched  cross  member  situated 
further  back  near  the  rear  axle. 

The  appearance  of  this  new  Daimler 
model  ^vt!s  one  the  impression  that  it 
should  be  very  "  lively  "  on  the  road, 
and  its  future  career  will  be  watched 
with  interest. 
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P^RT  II. 

Win.  H.  Dfemmond,  CA..  F.P.W.L 


ON  British  railways  during  the  past 
three  fyears  there  have  been 

sixtrrii  fatal  cf illisions,  every  one 
of  which  unquestionably  could  have 
been  prevented  by  proper  signalling 
equipment.  The  cab  feature  of  such 
equipment  would  have  prevented  nine 
oi  these  wrecks,  and  the  automatic 
feature  the  remaining  seven.  These 
sixteen  accidents,  which  were  due  to 
fault}'  signalling  systems,  comprise 
more  than  three-fourths  of  all  the 
fatal  British  wrecks  during  this  period. 
A  daily  paper  stated  less  than  half  the 
truth  when  it  asserted  that  at  Aisgill 
"  the  signals  were  properly  set  "  ;  it 
failed  to  mention  the  equally  pertinent 
facts  that  the  stgnab  were  imp  operly 
placed,  and  that  a  block  system  in 
which  the  signals  appeal  to  the  eye, 
and  not  also  to  the  ear,  is  a  system 
which  does  only  half  of  its  proper 
work. 

Steam  railways  in  the  United  King- 
dom have  made  a  costly  mistake  in 
continuing  to  use  such  anachronisms  as 
mechanical  signals  and  the  lock-and- 
block.  That  this  mistake  is  also 
danf^erous  will  be  evident  when  one 
reflects  that  collisions  like  Waterloo 
Junction,  St.  James',  Colchester,  and 
Farringdon  Street,  although  quite 
frequent  on  British  railways,  no  longer 
occur  on  a  numerous  class  of  American 
rail-roads  which  operate  under  British 
conditions,  but  which  have  been  auto- 
matically signalled  for  several  yean. 
In  both  of  these  countries  and  in  Ger- 
many, France,  and  Canada,  events  of 
the  past  two  years  show  a  strong  ten- 
drnrv  towards  a  mistake  in  cab  systems 
which  would  be  relatively  both  as 
wasteful  of  money  and  as  dangerous  as 
the  British  mistake   r^iarding  the 


different,  yet  closely  related,  subject  of 
automatic  signalling. 

It  is  hardly  an  exaggeration  to  state 
that,  until  now,  cab  signal  and  train- 
stop  history  has  been  made  exclusively 
in  these  five  countries.  It  is-  to  be 
regretted  that  in  them  are  to  Ix'  f(jund 
a  few  railways  wasting  time  and  money 
on  cab  systems  that  obviously  \  iolate 
certain  principles  up)n  whidi  safe 
signalling  is  well  known  to  depend. 
In  the  meantime,  cab  systems  that  are 
practical  and  economical  are  being 
utterly  neglected  by  these  same  rail- 
ways. Of  these  five  countries,  France 
is,  on  the  whf)le,  perhaps  least  open 
to  adverse  criticism  ;•  while  Germany 
and  England  are  about  the  worst.  It  is 
no  longer  open  to  question  whether, 
but  rather  how  railways  should  be  cab 
signalled.  It  is  unfortunately  true  that 
an  e\  en  more  important  quesrion  is,  how 
shall  they  not  be  cab  signalled  ?  The 
answers  to  these  two  questions  and  the 
comparisons  drawn  in  the  previous 
article  between  typical  sv'stems  shown 
therein  will,  it  is  hoped,  make  more  or 
less  clear  the  validity  of  certain  definite 
requirements  whieli  are  given  in  con- 
densed form  ai  the  conclusion  of  the 
present  article.   Such  a  list  of  require 

ments  as  is  liere  suggested  is  one  to 
which  all  railway  companies  should 
strictly  adhere  in  considering  any  cab 
signal  or  train-stop  ;  for  no  inventors* 
wishes  and  no  railway  officials'  rules 
can  hold  in  abeyance  the  physical  laws 
upon  which  safe  and  quick  handling  of 
railway  traihc  depends.  Apparently, 
neither  the  contact  bar  systems  nor 
those  requiring  small  lengths  of  track 
rail  to  be  insulated  are  likely  to  receive 
much  attention  in  the  future.  Since, 
then,  the  danger  at  present  seems  to  be 
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conhnt'tl  to  the  trip-cock,  the  "  wire- 
less," and  the  fixed  ramp  t3^pes.  it  is 
necossar\-  to  examine  these  three  a 
little  more  closely. 


VI6«  X. — TMV>COCK  >V-.IIM  or  THI  SVSmiDBD  STOI> 

During  the  winter  of  ipoQ-io,  the 
Erie  railroad  tried,  on  its  New  Jersey 
lines,  an  audible  cnh  sifinal  and  train- 
stop  ol  a  class  illustrated  by  Fig.  I. 
This  is  a  trip-cock  system  in  which 
the  stop-arm  is  siispende<l  from  a  mast 
beside  the  track.  Under  gravity,  this 
arm  assumes  the  position  shown  full 
lined  ;  that  is,  above,  aii<!  r(  I;:tivelv 
close  to  the  lop  of  the  locomotive  cab, 
this  being  the  position  of  the  arm 
when  track  ahead  is  dangerous.  When 
the  track  aliead  is  clear,  tiie  arm  is 
pulled  upwards  and  to  one  side 
(mechanically  i>r  otherwise)  so  as  to 
assume  the  position  shown  broken 
lined  in  Fi?.  t.  A  trip-ax:k  on  the 
top  of  tin  lucomotivt  cab  is  normally 
closed.  When  the  train  passes  a 
lowered  stop-arm,  the  trip-cock  is 
opened  by  engagemmt  of  the  trip- 
cock  lever  with  tlie  suspended  stop- 
arm,  thus  rausing  the  brakes  to  be 
applied  and  an  air  whistle  to  give  an 
audible  sij^nal  in  the  locomotive  cab. 
The  slop-arm,  when  elevated,  permits 
the  train  to  pass  without  incident.  It 
should  liere  be  noted  that  in  this  sus- 
pended-arm class  of  systems,  the  trip- 
cock  stCTn  assumes  the  form  of  a  pair 
of  loni:  levers  exteiidinL:  on  either 
side  of  the  valve,  in  order  to  insure 


enf.;a}.;<  nunt  with  the  stop-arm  under 
all  practical  conditions. 

()n  four-track  routes  and  at  junctions 
on  either  two,  three,  or  four-track 
routes,  it  would  be  far  more  dillicult 
to  find  room  for  safely  locating  such 
suspended  stop-arms  than  to  do  so 
for  the  trip-cocks  now  in  use  in  England 
and  the  rnitcd  States.  These  latter 
trip-cocks,  being  on  the  sleepers  (ties), 
cannot  be  disturbed  by  violent  storms 
or  winds;  but  the  same  caniict  be 
said  of  a  stop-arm  siu>pended  high  over 
the  track  from  a  mast  alongside. 
As  is  plainly  evident  from  I'ii,'.  I,  this 
system  is  fatally  objectionable ;  since 
the  normal  action  of  the  system 
strongly  tends,  al  IhlIi  train  speeds,  to 
bend  or  break  the  slop-arm  and  trip- 
cock  lever,  and  such  bending  or  break- 
ing would  result  in  a  dangerous  error. 
This  su<pended  arm  arraiit,'ement  docs 
not  eliminate  the  po»ibiliiy  of  sticking 
at  clear,  which  was  in  all  probability 
the  cause  of  the  collision  at  Cale- 
donian Road,  l.ontlon. 

The  system  shown  in  Fig.  i  makes 
no  prf)vision  for  difti  rentiating  between 
a  distant  and  a  home  signal  at  danger. 
We  need  go  no  further  back  than 
Yeovil  to  be  reminded  that  even  when 
a  driver  (engineman)  actually  receives 
an  adverse  distant  signal  he  may  miss  a 
rorre^ponding  fi.xed  home  signal  or 
(British  practice)  starter.  This  wreck, 
together  with  those  at  Paoli,  near 
Philadelphia,  a  few  years  ai^o,  at 
Bromford  Bridge  a  few  months  ago, 
and  at  Melun,  France,  a  few  weeks  ago, 
emphasises  the  need  tor  giving  both 
cautif)n  and  stop  signals  in  the  cab. 
Obviously,  chaos  would  result  if  the 
distant  and  the  home  cab  siguals  were 
not  clearly  differentiated.  .\  trip- 
cock  system  of  the  suspended-arm  class 
is  being  proposed  in  England.  In 
this  system,  when  a  train  passes  a 
signal  at  danger  an  indication  of  that 
fact  is  given  In  the  signal  box.  Why 
this  should  be  done  is  not  apparent. 
At  both  Aisgill  and  Yeovil,  the  signal- 
men knew  that  the  trains  were  about 
to  pa^-s  danger  signals  :  hut  that  fact 
did  not  prevent  a  wreck  in  either  case. 

The  need  for  cab  systems  has  given 
rise  to  many  visionary  schemes  ;  but 
the  long  list  includes  very  few  that 
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are  more  fatuous  than  a  "  wireless  " 
system,  of  either  the  Faradic  induction 
or  the  Hertzian  wave  class.  It  is 
remarkable  that  at  this  late  day  such 
flagrant  mis-applications  of  valuable 
engineering  principles  should  receive 
serious  consideration  from  one  German 
State  railway  administration,  two  Eng- 
lish railways,  and  one  Canadian  rail- 
way. Even  the  inferior  ramp  systems 
to  be  found  in  use  in  England  are  to  be 
preferred  to  the  "  wireless  "  systems. 
All  "  wireless "  cab  systems  either 
employ  current  to  indicate  danger  or 
require  that  each  train  while  running, 
shall  be  in  constant  communication 
with  a  wire  (wave  wire  or  primary 
circuit)  off  the  train.  We  need  not  at 
this  point  dwell  on  systems  in  which 
dangerous  errors  can  be  produced  by 
breaking  wires  or  connections ;  but  we 
must  carefully  notice  certain  qualities 
inherent  in  "  wireless  "  systems  which 
are  free  from  this  fault. 


s 


has  been  suggested  that  the  ordinary 
telegraph  or  telephone  wires  along  the 
permanent  way  may  be  utili-^i-d  for 
this  purpose.  Here  it  is  assumeil  that 
trains  on  track  N  approach,  while  those 
on  track  S  recede  from  the  observer  ; 
this  being  the  "  left-hand  "  (British) 
running.  First  assume  the  block  ahead 
on  eacli  track  to  be  clear  ;  then  wires 
N  and  b  will  both  be  emitting  waves. 
A  train  on  either  track  will  receive  a 
clear  cab  signal,  and  its  brakes  will  be 
held  off  as  it  passes  the  point  here 


N 


no.  a.->BU>PKNBBD  WAVE  WIESS  rOR  "  WIRKLBa*"  «AS  aVSTBIM.  >^'Vfn 


The  trouble  with  fixed  ramp  systems 
was  occasioned  by  ramp  impact ;  but 
ramp  systems  completely  eliminating 
this  trouble  have  existed  for  at  least 
five  years.  The  trouble  with  "  wire- 
less systems  is  interference ;  and  this 
trouble  remains  unmitigated  to-day. 
The  expedients  for  overcoming  external 
interference,  however,  valuable  they 
may  be  in  othor  applications  of  "  wire- 
less "  transmission,  are  utterly  worth- 
less as  applied  to  "  wireless "  train- 
control  or  cab  signalling.  Even  if 
t^xternal  interferences  were  completely 
overcome,  wireless  cab  systems  would 
still  be  worthless  on  account  of  internal 
interference.  This  trouble  will  per- 
haps be  made  clear  by  reference  to 
Fig.  2  which  shows,  in  cross-section,  a 
double  track  route  0(]nipped  witli  a 
wireless  system  of  a  type  recently  tried. 

In  Fig.  2  are  wires  paralleling  the 
tracks  and  emitting:  w  i.mn  for  com- 
municating with  running  trains.  It 


shown.  Next  suppose  the  block  ahead 
on  track  N  to  be  obstructed ;  then  the 
signal-man  (or,  in  automatic  working, 
the  relay)  will  cause  wire  N  tO  M 
"  dead."  The  cab  signals  will  then  go 
to  danger  (and  the  brakes  be  .q  ^>!ied) 
by  gravity  on  any  train  that  may  come 
on  track  N.  In  the  meantime,  traffic 
on  track  S  must  not  be  held  up ; 
hence,  wire  S  must  continue  sending  out 
waves.  But  waves  from  wire  S  must 
be  such  as  will  not  atiect  the  apparatus 
on  train  N,  since  by  affecting  the  latter 
they  would  produce  a  dang«Tous  error 
(false  elear  signal,  etc.).  It  will  thus 
be  seen  that  train  ap^ratus  and  line 
wire  X  must  be  tuned  to  a  wave 
length  differing  from  that  of  train 
apparatus  and  line  wire  S.  Means 
for  changing  from  one  wave  length  to 
the  other  must  be  provided  on  each 
locomotive,  since  every  locomotive 
must  be  equipped  for  running  on  <iMi«>' 
track. 
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A  junction  from  the  main  line  (Fig. 
2)  requires  two  more  wave  lengths, 
four  in  all,  thus  nHpiirinf,'  four  tuninj; 
adjustments  on  every  locomotive.  We 
may  well  pause  to  ask  how  much 
further  complication  must  wo  introduce 
on  each  locomotive  Ix-fore  we  reacli  a 
point  where  such  a  cab  system  can  be 
really  uscrl  on  an  actual  railway  ? 
Still  excluding  systems  in  which  open 
circuits  can  produce  dangerous  errors, 
a  wirt  lt  -s  i  ab  system,  even  for  a  sij^nal 
wave  length,  is  much  more  complicaied 
than  any  one  of  the  better  fixed  ramp 
systems. 


cut,  funning  a  forward  and  a  rear  por- 
tion. Die  cut  ends,  together  with 
one  end  of  the  local  loop,  are  run  to 
the  fixed  signal.  The  other  end  of  the 
local  loop  is  connected  to  the  forward 
}^>rtion  of  this  severed  line  wire,  as 
shown. 

In  Fig.  4,  the  fixed  distant  signal, 

in  addition  to  its  ordinary  duties, 
serves  as  a  diverting  switch  to  wliich 
the  rear  portion  of  the  severed  '.line 
wire  is  permanently  attaclied  The 
fixed  signal,  when  at  clear,  makes  con- 
tact directly  with  the  forward  line 
wire.   When  at  danger,  the  signal  is 
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FIG.   V      TKAI  K   \«m\r.J-MKVTS  FOR  IKDVCTION  "  WIRFtESs"  CAB  SIGNALS. 


Fig.  3  illustrates  a  donlilr  track 
arrangement  for  one  of  tin-  pi<>[)(i>ed 

cab  systems  of  the  l'aradi<  rLi^>.  this 
being  the  class  to  which  the  wireless  ' 
system  now  on  trial  on  the  Midland 
Railway  belonf.;s.  In  this  figun-  both 
of  the  hxed  signals  are  distant ;  since 
systems  of  this  class  cannot  give  dis- 
tinctive home  and  distant  indications. 
Each  track  is  paralleled  throughout  the 
mtire  route  by  a  "  line "  wire,  here 
shown  full  lined.  A  "  local  "  wire, 
formed  into  a  loop  is  placed  on  the 
track  in  the  vicinity  of  each  distant 
fixed  signal.  The  local  wire  is  laid,  not 
on  the  track  that  it  affects,  but  on  the 
opposite  track,  as  is  indicated  by  the 
numbering  of  loop>  and  fixed  signals  in 
the  ligure.  At  ea*  li  distant  fixed  siijnal 
the  line  wire  for  the  opposite  track  is 


out  of  contact  with  the  end  of  the  for- 
ward line  wire  and  makes  contact  Wfith 
the  end  of  the  loop.  High  fre(juenC3' 
(about  loo)  alternating  current  is  fed 
into  the  line  wires  all  the  time.  Owing 
to  the  switcliinj^  action  t)f  the  distant 
fixed  signals,  this  current  is  also  fed 
into  a  given  local  loop  when  the  related 
ti.xed  signal  is  at  danger  ;  but  the  local 
loop  receives  no  current  when  the  fixed 
signal  is  at  dear. 

Fac  li  train  is  provided  with  a  large 
secondary  coil  wound  on  a  frame 
"  round  the  locomotive  !  "  When  a 
Io(  umotiVB  is  in  any  given  block  and 
nut  near  a  local  loop,  the  current  in 
the  line  wire  of  that  block  induces  an 
alternating  current  in  this  locomotive 
coil  the  line  wire  acting  at  a  primary*, 
and  the  locomotive  coil  as  the  corres- 
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ponding  secondary  circuit.  The  cur- 
rent thus  inducfd  in  tin-  lotoniotive  coil 
is  what  i.olJs  thecab signals  at  ('l(  ar  and 
the  train-stop  out  of  a<  tion  W  Ik  ii  llie 
locomotivt  ,irn\t  -  It  HI  m  ar  the  dis- 
tant ti.\--d  >i;jii.d  and  the  laltiT  is  at 
dant;ir.  ihc  curnnt  in  the  adjacent 
bratu  li  of  thi-  local  loop  tends  to  indu:e, 
in  the  locomotive  coil,  an  alternatini; 
current  that  is  equal  and,  at  any  dis- 
tance, opposite  to  the  current  induced 
by  the  line  wire.  ThcM-  tun  tenden- 
cies (line  and  ioop  inductions)  will, 
therefore,  neutralise  each  other:  in 
other  words,  no  current  will  flow  in 
the  secondary  coil  on  the  locomotive. 
The  cab  signals  will  then  go  to  danger 
(and  the  train-slop  he  applied)  by 
gravity.  When  the  train  is  at  or  near 
a  distant  fixed  signal  at  clear,  the 
induction  from  the  line  wire  is  unop- 
posed ;  since  the  local  loo|)  at  a  clrar 
fixed  signal  receives  no  current.  C  urrent 
will,  therefore,  actually  flow  in  the 
secondary  circuit  (loconiotiw  <  oil),  and 
this  secondary  current  will  hold  the 
cab  signals  at  clear  and  the  stop  out  of 
action. 

Such  a  mammoth  coil  on  each  loco- 
motive as  Fig.  3  pre-supposes  is.tosay 

the  least,  objectionable.  One  may 
safely  presume  that  no  railway  com- 
pany would  seriously  contemplate  put- 
tiny  such  c(»ils  around  a  large  number 
of  its  locomotive  tenders  or,  worse  still, 
around  a  large  number  of  tank  engines, 
l-'ifi.  _5  is  a  somewhat  siniplitied  draw- 
ing of  a  track  arrangement  for  the 
"  wireless  '*  system  being  tried  on  the 
Midland  Railway.  It  is  important  to 
note  that  this  system  is  open  to  a 
dangerou-  objectitm  ;  U  employs  currvnt 
to  indicate  dutiL^cr.  This  system  cannot 
prevent  wrecks  like  Broinfonl  Bridge, 
Veovil,  or  Melun,  which  means  that 
in  all  probability  it  cannot  prevent 
tho--e  like  Aisgill.  Morenxer.  a>i  rail- 
ways are  actually  built,  this  system 
cannot  be  used  at  all  on  three  or  more 
tracks. 

In  considering  cab  systems,  a  dis- 
tinction should  be   drawn  between 

rclia1iilit\-  "  and  "  safct\-  "  :  the 
formir  term  denoting  freedom  from 
safe  errors,  while  the  latter  denotes 
freedom  from  (lan-^rroiis  errors.  If 
one  cab  system   produces  ten  safe 


errors  per  million  operations,  while  a 
second  system  produces  twenty  such 

errors  per  million  operations,  then,  all 
else  equal,  the  former  is  twice  as  reli- 
able as  the  latter.  A  cab  system  may 
be  perfectly  safe,  but  at  the  same 
time  very  unreliable.  Simplicity  is 
certainly  a  desideratum  in  cab  systems, 
not  alone  as  affecting  cost,  but  i>n 
account  of  reliability  as  well.  Bearing 
this  in  mind,  let  us  consider  two 
rami>t\pe  cab  systems  now  before 
tile  railways. 

To  accomplish  certain  results,  one 
of  these  cab  systems  ri'i]iiires  four 
ramps,  two  of  them  high  and  two  low, 
per  block,  and  not  less  than  five  electro- 
magnets per  locomotive.  To  accom- 
plish the  same  results,  the  second 
system  requires  only  one  ramp  per 
bltjck  and  three  electro-magnct^  per 
locomotive,  all  ramps  being  of  the 
same  height.  The  lirst  system  re- 
quires, off  the  locomotive,  five  times 
as  many  ele<  tro  inagnets  as  the  latter. 
Despite  the  extreme  complexity  of  the 
first  system,  its  adoption  by  British 
railways  is  strongly  urged  by  a  daily 
newspaper. 

Fig.  4  shows  a  track  arrangement 
for  the  simplest  case  ordinarily  met 
with  in  fixed  block  signaUing,  and  with 
it  the  track  arrangement  for  a  supple- 
mentary cab  s\-.,em.  Fixe!  >i,nal 
connections  are  omitted,  but  cab  signal 
connections  are  shown  in  full.  If  the 
signalling  is  non-automatic,  the  >witch 
is  controlled  by  the  locking  ;  and  the 
signalman's  duties  are  the  same  as  if 
no  cab  signalling  had  Ixen  installed. 
If  the  signalling  is  automatic,  a  pair  of 
contacts  on  the  track  rehiv  replaces 
the  switch  here  >hu\\ii 

It  is  assumed  that  the  block  >liown 
in  Tig.  4  was  clear  for  the  train  <  on- 
sidered,  while  the  next  blot  k  ahead 
was  obstructed.  Accordingly,  the 
train  received  clear  signals  in  the 
preceding  block,  and  must  receive 
adver->e  signals  in  the  block  shown. 
The  direction  of  running  is  "  right- 
hand  "  (American  practice),  hence  the 
fixed  signals  are  shown  below  the 
track.  The  cab  signals  arc  given  in 
rectangles  above  the  track.  The  clear 
visual  signal  that  was  "  picked  up  " 
in    the     preceding    block  remains 
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dfoplayed  in  the  cab  until  the  distant 
ramp  is  reached.  At  this  ramp  the 
clear  cab  signal  disappears,  and  the 
caution  (run  slow)  visual  signal  takes 
the  place  of  the  former  in  the  loco- 
motive cab.  The  whistle  immediately 
blows,  to  call  the  attention  of  driver 
and  fireman  to  the  change  of  visual 
cab  indication.  The  whistle  is  then 
shut  off  hand.  When  the  train 
arrives  at  a  home  "  runninp:  "ramp  the 
stop  visual  indication  appears  in  the 
cab,  and  the  stop  whistle  blows.  The 
locomotive  stands  at  the  home  "  stand- 
ing "  ramp  so  long  as  the  track  ahead 
remains  obstructed.  When  track 
ahead  becomes  clear,  cab  and  fixed 
signals  change  from  a  stop  to  clear, 
and  the  train  proceeds. 


port  and  Terra  Cotta.  Even  if,  as 
at  Paoli,  or  at  Marvlebone,  smoke  or 
steam  were  to  obscure  the  hxed  home 
signal  this  cab  system  would  prevent 
a  wreck  ;  for  both  driver  and  fireman, 
when  running  over  the  home  running 
ramp,  would  instantly  hear  the  stop 
whistle.  The  most  conijilii  atrd  cross* 
ing  in  existence  does  not  oiler  any  in- 
superable difficulty  to  the  proper 
placing  of  ramps  in  the  cab  system 
illustrated  by  Fig.  4.  In  this  system 
there  is  no  danger  of  a  signal  on  one 
locomotive  being  sent  falsely  to  clear 
by  radiation  or  induction  from  a  wire 
intended  for  another  locomotive,  and 
there  is  no  need  for  any  "  tuning" 
adjustments  to  prevent  such  a  danger 
ous  error. 


Ors  r. 


¥ 


nC.  4.— DISTANT  AND  HOMB  CAB  StOBALS  WrrLBMBBTABV  TO  rtXBV  SIGNAL*. 


In  Fig.  4  we  have  continuous  indica- 
tions in  the  cab,  but  do  not  have 
continuous  communication  between 
tra<  k  and  train.  The  former  is  ex- 
ceedingly valuable ;  the  latter  is  prac- 
tically worthless,  or  would  be  if  it 
could  be  attained.  .\s  yet  no  cab 
system  can  really  give  it  on  actual 
railways.  Those  wireless  systems 
which  are  represented  by  Fig.  2,  and 
those  on  trial  on  the  London  and 
South- Western  and  the  .Midl.uul  Rail- 
ways can  give  such  commimication 
remote  from  cro-^sint,";  on  double  track 
roads,  iiut  such  wuxkss  systems, 
practically  speaking,  cannot  even  he 
mstalk<l  at  I oinplicatrd  «  r<)>-ings. 

Inferences  which  are  plainly  to  be 
drawn  from  Fig.  4  show  that  a  proper 
cab  system  gives  ab^^olutc  ]iroti  <  tion 
against  wrecks  like  Melun  and  \  er- 
saullcs,  AisgiU  and  Yeovil,  and  West- 


In  I'ig.  4,  if  the  s\'<t(  iii  'ijn'rates 
automatically,  only  two  electro-magnets 
per  block  are  needed  on  the  track,  only 
one  magnet  per  block  in  non-automatic 
operation,  these  being  relay  magnets. 
On  the  locomotive  not  more  than  three 
electro-magnets  are  re<pnred  for  the 
case  here  shown.  Fach  l(»comotive 
will  require  a  pair  of  insulated  wheels, 
which  ar<  -ni.illi  i  than  the  smallest 
train  wheel,  and  which  n  xolve  only 
wlien  caused  to  do  so  by  engagement 
with  ramps.  By  the  addition  of  one 
ramp  per  block,  and  without  any 
additional  magnets,  the  arrangement 
illustrated  by  Fig.  4  can  cause  the  cab 
signal  on  the  aliDvc  train  to  change 
either  from  slop  to  run  slow,  or  from 
stop  to  clear,  according  to  track 
conditions  ahead.  Without  an\'  further 
addition  to  the  apparatus  on  the  track, 
but  by  adding  one  electro-magnet  on 
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the  locomotive  for  each  a  IcIitionnI 
function,  this  ramp  type  cab  system 
can  ht'  made  to  indicate  the  train's 
arrival  at  a  ramp  when  track  ahead 
is  clear,  automatically  to  slow  down 
the  train  at  an  adverse  distant  sif<nal. 
and  automatically  to  stop  it  at  an 
adverse  home  signal. 

The  wrecks  at  St.  James',  Li verp)ol. 
and  at  Waterloo  Junction,  London, 
were  not  only  aUke,  that  is,  jmxluced 
by  the  same  real  cause  ;  they  were  also 
attended  by  certain  circumstances 
which  were  alike  in  the  two  cases  and 
which,  though  certainly  not  any  part 
of  the  real  cause,  are,  nevertheless, 
quite  important.  In  both  cases,  the 
real  cause  of  the  wrecks  was  improper 
signalling  apparatus.  Automatic  sig- 
nalling would  have  prevented  both 
wrecks.  It  has  been  widely  stated 
that  the  signalling  at  Waterloo  Junc- 
tion is  automatic,  but  this  is  entirely 
wrong.  In  fact,  one  newspaper  that 
made  the  statement  that  automatic 
signalling  was  in  use  [at  this  junction 
had  just  told  its  readers  that  such 
signalling  could  not  be  used  at  junc- 
tions. 

At  WatcrltK)  Junction  the  fog  made 
it  impossible  for  the  signalman  to  see 
either  the  lights  of  some  of  the  fixed 
signals  in  the  vicinity  of  his  cabin  or  a 
tail  light  on  a  train  standing  near  by. 
How  reckless,  then,  it  is  to  trust  to  a 
driver's  ability  infallibly  to  get,  every 
day,  hundreds  of  fixed  visual  signals 


including  scores  of  signals  enveloped, 
many  days  each  year,  in  impenetrable 
fog!  At  St.  James'  the  case  for  cab 
si'^^nalling  is,  if  anything,  even  stronger. 
It  xvas  testified  that  most  of  the  time 
smoke  and  steam  render  it  very  diffi- 
cult to  see  either  the  distant,  or  the 
home  signal.  At  both  places,  then, 
although  automatic  yf.tt'rf  signals  would 
give  perfect  protection  against  the 
particular  kind  of  wrecks  that  really 
occurred,  automatic  cab  signals  ought 
to  be  installed.  Is  it  enough  to 
remove  the  cause  of  one  wreck  that  has 
occurred  when  the  cause  of  other  and 
equally  frt'qiicnt  wrecks  is  known  to 
exist  ?  Wrecks  which  can  be  pre- 
vented only  by  cab  systems  are  fre- 
quent elsewhere,  and  it  is  definitely 
established  that  conditions  strongly 
conducive  to  such  wrecks  were  strik- 
ingly conspicuous  at  St.  James'  and  at 
W'aterloo  Junction.  Would  it  not  be 
culpable  negligence 
wreck  of  this  class 
before  removing  the 
danger  ? 

The  United  States  Block  Signal  and 
Train  Control  Board,  although  a 
purely  advisory  body,  with  no  power 
to  enforce  adoption  of  its  recommenda- 
tions, has  greatly  assisted  the  cause 
of  increased  safety  in  that  country  by 
publishing  a  list  of  Requirements  for 
cab  systems.  If  some  British  govern- 
ment commission  had  published  such  a 
iist  a  few  years  ago,  it  is  not  very 


to  wait  until  a 
actually  occurs 
clearly  perceived 
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probable  that  the  Midland  Railway 

would  have  spent  over  t\v<j  years  on 
one  inferior  cab  system  and  followed 
this  by  spending  further  time,  as  it 
is  now  (loiii^,  oil  an  even  worst*  one. 
These  two  cab  systems  and  the  wireless 
one  on  trial  on  the  London  and  South- 
western Railway  are  <li  si|,'n(  d  in  very 
plain  violation  of  certain  exceedingly 
important  signalling  principles.  These 
JMinciples  are  so  obviously  esst-ntial 
to  the  safe  handling  of  tratVic  that  they 
are  not  only  contained  in  the 
American  list  of  K*  ^nnnients,  but 
would,  no  doubt,  hi  nicluded  in  any 
such  list  which  aii\  i  xpert  board  would 
formulate. 

One  very  valuable  advantage  of 
publishing  such  re(juirenients  is  that 
the  list  is  sure  to  receive  and  to  be 
improved  by  criticism.  This  ha^  been 
exemplifted'  bv  the  Train  Control 
Board's  list,  which  really  evolved  from 
a  set  of  re(juir('ments  compiled  by  the 
Railway  Signal  Association,  of  America, 
in  October,  1908.  The  "  New  Haven  " 
Railroad  adopted  the  Train  Control 
Board's  version  with  several  substan- 
tial improvements,  one  of  which  effec- 
tually condemns  such  systems  as 
that  now  being  triecl  on  the  Midland 
Railway.  A  serious  def<*ct  in  the 
"  New  Haven's  "  list  is  the  re<]uire- 
ment  that  the  system  must  be  of  such 
a  character  that,  uiuxciptionally,  the 
<ii<urrence  of  a  cross  between  two 
electric  wires  shall  not  be  able  to  cause 
a  dangerous  error.  The  American  Kail- 
wa\'  Association's  Committee,  of  which 
Mr.  M.  (".  Carter,  chief  cnijiiKcr  of  the 
Chicago  and  North-W  estern  Railroad, 
was  Chairman,  has  more  recently  pub- 
lislii^<l  a  set  of  re<|uirements  which 
improves  upon  the  "  New  Haven's  " 
list  by  e.\cluding  this  stipulation  as  to 
crosses. 

It  is  impossible  here  to  give  the  sub- 
ject of  crosses  the  extended  considera- 
tion it  deserves.    Briefly,  there  are,  on 

the  locomotive,  certain  cases  of  crosst^s 
which  are  physically  possible,  but 
which  cannot  occur  accidentally  or  from 
careless  or  inetticient  maintenance.  In 
these  parti<ular  cases,  the  purely 
theoretical  danger  of  crosses  can  be 
ehminated  only  h\  introducing  fcom- 
plications  into  a  simple  system.    If  two 


wires  are  carried  on  opposite  side- 
frames  of  a  lf><()m<iti\(>,  and  the  cab 
apparatus  is  such  as  would  be  sent  to 
danger  by  the  grounding  (earthing), 
or  the  breakiiii;  of  citiuT  or  both  wires, 
or  by  any  combination  of  grounds  and 
breaks  on  either  or  both  wires,  how 
( ould  accident  or  even  extreme  care- 
lessness send  the  cab  apparatus  to 
clear  by  crossing  ? 

.\t  present,  railway  companies  can 
easily  get  cab  signals  and  train-stops 
which  fulfil  the  following  fourteen 
requirements  : 

1.  Three  distinctive  visual  indica- 
tions, namely,  "  clear,"  "  caution  " 
("run  slow  "),  and  "danger" 
("  stop  "),  shall  be  given  in  each  loco- 
motive cab.  .\  system  whicii  gives  a 
green  light  for  clear  and  a  red  light  for 
(langer.  must  also  give  a  third  light, 
for  instance,  yellow,  for  caution. 

2.  The  visual  cab  signals  shall  not 
be  given  inti'nnittently  fat  ramps 
only),  but  continuously-,  throughout 
the  entire  run  of  the^tram. 

V  In  addition  to  the  visual  cab 
signals,  there  must  be  on  each  train 
an  audible  signal,  which  shall  sound 
when  the  visual  cab  signal  changes  to 
caution  or  to  danger. 

4.  The  system  must  be  capable  of 
opening  an  air,  or  vacuum-braxe  valve, 
at  a  distant  or  at  a  homo  signalling 
point,  or  both  as  may  be  desiretl,  and 
this  same  requirement  extends  to 
starting  signals,  where  such  are  used. 

5.  In  addition  to  the  cab  visuals  (see 
requirement  .\(».  i),  the  s\>teni  nuist 
prt)vide  cab  indication^,  h(tth  \  isual 
and  audible,  for  notifying  driver  and 
fireman  when  the  tram  arrives  at  a 
ramp. 

0.  Any  ramp-engaging  member  must 
be  of  such  a  character  as  to  reduce 

ramp  impact,  at  train  speeds  of  thirty 
miles  per  hour  and  upwards,  at  least 
forty  per  cent,  as  compared  with  a 
ramp-shoe  of  the  same  weight. 

7.  No  exposed  moving  parts  shall 
bo  required  on  the  track,  either  on  the 
ground  or  suspended  from  poles. 

S.  Neither  springs  nor  magnetism 
shall  be  re(]uired  to  produce  a  daiiger 
result  (cab  signal  or  train-stop).  The 
visual  signals  must  .qo  to  danger  by 
gravity  alone ;  and  each  audible  signal 
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and  train-stop  valve  must  open  by 
gravity  alone  or  by  gravity  assisted  only 
by  the  air  or  the  steam  which  the  valve 

controls. 

9.  It  must  be  impossible  to  cause  a 
rlanpernus  error  (for  example,  (lispla\- 
oi  a  clear  or  a  caution  signal  when  the 
correct  indiiation  would  be  danger) 
by  producinji  one  or  more  earths 
(grounds),  one  or  more  open  circuits, 
or  any  possible  combinations  of  earths 
and  open  circuits  in  the  sxstcins. 

10.  The  failure  of  any  electric  source 
or  sources  must  not  be  able  to  cause  a 
dangerous  error. 

11.  The  system  must  be  of  such  a 
character  that  there  shall  be  practically 
no  possibility  uf  a  dangerous  error  as 
the  result  of  a  cross 

12.  In  case  a  ramp-enga^ing  member 
should  break,  by  ramp  action  or  other- 
wise, in  such  a  manner  as  to  interfere 
with  proper  engagement  with  any  cor- 
responding ramp,  any  resulting  error 
must  be  a  safe  error. 

13.  The  system  must  not  be  a  "  wire- 
less "  one,  as  it  must  be  immune  to 
internal  interference,  must  be  capable 
of  control  by  a.c.  or  d.c.  track  circuits, 
and  must  be  applicable  to  conditions 
of  the  densest  traffir  and  at  the  most 
complicated  crossings. 


14.  The  number  of  safe  errors  of 
the  cab  system  must  not  be  materially 
greater  tlian  the  number  of  such  errors 
in  the  best  automatic  fixed  signals. 

A  recpiirement  that  is  purposely 
excluded  from  this  list  is  one  to  the 
effect  that  the  cab  system  shall  be  proof 
against  malicious  interference.  Sur- 
prising though  it  may  be.  one  technical 
journal  actually  makes  this  require- 
ment, although  it  is  well  known  that 
there  is  not  a  railway  sit^nalling  system 
in  use  anywhere,  and  never  has  been 
one.  that  could  fulfil  it.  Maliciousness 
did  not  cause  the  wrecks  at  Terra  Cotta, 
on  the  Baltimore  and  Ohio  ;  at  Pauli,  on 
the  Pennsylvania ;  at  West  port,  on 
the  New  York,  New  Haven  and  Hart- 
ford ;  near  Versailles  or  at  Melun,  in 
France ;  nor  at  Aisgill.  Yeovil  or 
Bromlord  Bridge,  in  England.  Cab 
systems  would  have  prevented  every 
one  of  them.  Wrecks  resulting  from 
malicious  intemiption  of  signal  opera- 
tions are  exceedingly  rare  ;  wrecks 
caused  by  exclusive  fixed  signalling  are 
exceedingly  numerous.  Are  we  to 
refrain  from  ado]^ting  a  system  which 
will  prevent  wrecks  that  now  occur 
simply  because  it  will  not  also  prevent 
conceivable  wrecks  that  do  not  occur  ? 
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THE   shipping  facilities  of  Hull 
will  shortly  Ix?   increased  by 

the  aihhtion  of  a  now  dork. 
This  dock,  known  as  the  New  "  Joint 
Dock,  is  being  built  by  the  firm  of 
Messrs.  S.  Pearson  &  Son,  Ltd.,  West- 
minster, for  the  two  Railway  Com- 
panies who  serve  the  port,  viz.,  the 
North  Eastern  and  the  Hull  and 
Barnsley  Railways.  The  dock  works 
are  finished  up  to  high  water  level, 
and  water  is  now  hein^  allowed  to 
accumulate  in  the  basin.  The  com- 
mercial community  of  Hull  is  looking 
forward  with  preat  interest  to  the 
oixniinp:  of  the  dock.  whic!i.  when 
completed,  will  be  one  of  the  largest 
and  nu)st  finely  equipped,  and  up-to- 
date  docks  in  the  country.  The  «iock, 
which  has  been  built  on  land  reclaimed 
from  the  foreshore  of  the  River  Humber, 


has  at  present  a  water  area  of  53  acres. 
The  whole  of  the  estate  on  which  the 

dock  i<  built  consists  of  206  acres  and 
has  a  frontage  on  tiie  river  of  about  a 
mile. 

riif  (liniensions  of  the  main  dock  are 
1,000  feet  by  1,050  ft.,  whilst  tho.se  of  the 
north-west  and  the  north-east  arms  arc 
1.356  ft.  by  ;;25  ft.,  and  1.350  ft.  hy 
450  ft.  res|)ectively.  The  total  length 
of  qna\  measures  8,162  lineal  feet.  By 
the  addition,  later,  of  two  more  arms 
the  water  area  will  be  increased  to  1^5 
acres.  A  rough  plan  of  the  dock  Is 
shown  in  Fig.  l.  A  most  interesting 
feature  of  the  dock  is  the  entrance 
lock— (Fig.  2),— one  of  the  finest  yet 
constructed.  It  IS  85  ft.  in  width,  and 
is  divided  by  three  pairs  of  gates  into 
two  pens  of  500  ft.  and  250  It.  resin-c- 
tively.  making  a  total  length  of  750  ft. 
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The  walls  of  the  lock  are  built  of 
concrete  faced  witli  brickwork  to 
within  l8  ft.  of  co|;e  level  and  above 
that  with  granite  The  invert  or 
floor  is  made  of  concrete  faced  with 
brickwork.  The  ntiddle  and  outer  sills 
are  three  feet  lower  than  the  inner  sill, 
and  sluicing  or  levelling  culverts  have 
been  arranged  at  each  side  of  the  lock 
at  each  pair  of  gates  st>  that  water  can 
be  pas><.'d  between  the  dock,  lock,  and 
river  while  the  gates  are  cl(»sc<l. 
\  essels  of  large  draught  will  thus  Ix- 
able  to  enter  or  leave  the  dock  earlier 
than  if  the  sills  wete  all  the  same  level. 
The  depth  of  water  in  the  inner  sill 
will  be  39  29  ft.,  and  on  the  middle  and 
outer  sills  42*29  ft.  at  high  water  of 
spring  tides. 

The  lock  gates,  shown  in  the  course 
of  construction  in  the  accompanying 
pholograph~{lMg  3.) — have  been 
built  by  Messrs.  Sir  \V.  C.  Armstrong, 
Whitworth  and  Company,  and  are 
considered  to  be  a  very  fine  piece  of 
engineering  skill.    The  power  will  be 

?ro<luced  entirely  by  electric  motors, 
he  gate  platforms  will  be  kept  free 


from  obstruction  by  means  of  the  sluic- 
ing culverts. 

Si.\  coaling  berths  have  been  provided 
and  these  have  been  arranged  so  as  to 
save  a  consideral>le  amount  of  quay 
space  (see  Fig.  i).  Electric  coal  con- 
veyors, each  capable  of  dealing  with 
from  700  to  1,000  tons  per  hour,  arc  to 
be  provided,  and  each  conveyor  will 
have  a  si'parate  set  of  sidings  for  laden 
and  empty  wagons,  and  each  will  be 
worked  independently. 

A  great  deal  of  work  still  remains  to 
be  done  in  fixing  up  the  numerous 
cranes  and  erecting  the  general  equip- 
ment which  is  to  be  of  the  most  moilern 
character.  There  arc  to  be  nine  lo-ton 
and  twenty-five  5-ton  electric  cranes 
on  the  quays,  and.  in  addition,  a  floating 
crane,  capable  of  lifting  So  tons,  will  be 
proviiled  in  the  dock  for  heavy  lifts. 

A  silo,  with  a  storage  capacity  of 
200.000  quarters  of  grain,  is  being 
erected  at  the  west  end  of  the  dock. 
Conmi odious  warehouses  of  two  storeys, 
built  of  ferro-concretc,  and  having  a 
total  floor  and  roof  area  of  48,750 
.square  yards,  are  now  in  course  of 
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construction.  Six  electric  cranes,  with 
a  lifting  capacity  of  li  tons  eacli,  arc  to 
be  provide!  on  the  rtwf  platforms  of 
the  warehouses  for  tlealiu}^  with  ^oods 
from  ship  or  rail.  Provision  has  also 
been  made  for  the  erection  o;  a  large 
cold  storage. 

Two  graving  (locks,  550  ft.'and  450  ft. 
in  length  respectively,  have  been  built, 
the  longer  one  being  72  ft.  wide  at  the 
entrance,  and  the  shorter  one  66  ft., 
and  both  will  have  a  minimum  depth 
of  water  on  the  sills  of  22  ft.  Figure 
4  is  a  photograph  of  the  entrances 
of  the  two  dry  docks,  and  shows  the 
preparation  for  the  erection   of  the 


gates,  whilst  I'ig.  5  gives  a  full  length 
view  of  the  smaller  dry  dock.  It 
may  be  mentioned  that  space  has 
Ix'en  reserved  for  a  third  graving  dock, 
which,  when  constructed,  will  be  700  ft. 
long  by  Hi  ft.  wide  at  the  entrance. 

The  two  Railway  Companies,  in 
deciding  on  the  equipment,  have  freely 
consulted  the  different  trades  con- 
cerned, and  it  is  believed  that  the 
result  will  prove  most  beneficial  to  all 
parties.  There  is  no  doubt  that  the 
opening  of  this  fine  dock  will  largely 
expand  the  business  of  the  port  and 
city. 
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By  James  C  Sellers 


THE  burning  of  the  s.s.  VoUttrno 
at  sea  has  called  special  attention 
to  the  long-neglected  need  of 
adequate  fire  prevention  in  the  con- 
struction of  passenger  carrying  vessels. 
With  the  growth  of  the  modern  steam- 
ship carrying  several  thousand  souls 
the  need  of  such  precautions  has  Ix'come 
more  imperative.  Longitudinal  bulk- 
heads have  been  added  to  the  cross 
bulkheads  to  keep  the  vessels  afloat  if 
damaged  by  collision  at  one  or  more 
points,  and  vital  parts  have  been  so 
placed  that  injury  from 
external  contact  is  almost 
impossible.  Little  has  been 
done,  however,  to  reduce 
the  danger  from  fire,  for 
the  state  rooms  and  the 
superstructure  generally, 
which  have  been  con- 
structed of  wood.  Out  of 
the  three  recent  serious 
fires,  two  have  occurred 
while  the  vessels  were  in 
dock,  an«l  would  have 
provinl  much  more  serious 
but  for  the  ship's  fire  de- 
partment, augmented  by 
the  city  tire  departments 
antl  the  harbour'  fire  tugs. 

The  construction  of  a  tire- 
preventive  ship  is  not  only 
theoretically  possible,  but 
commercially  practicable. 
It  can  be  accomi)lished  by 
the  substitution  of  steel  for 
w(M)d  in  the  construction 
of  the  superstructure  and 
the  furnishing  of  the  public 
rooms  and  cabins. 

To  demonstrate  how  this 
can  be  (lone,  a  model  cabin 
made  of  light  sheet  steel, 
has  been  erected  by 
Koneo,  Ltd.,  at  their  offices 


in  Holborn,  and  furnished  with  steel 
cabin  furniture  (Fig.  i),  such  as  has 
been  largely  used  in  the  equipment  of 
battleships.  The  walls  of  this  cabin 
have  been  made  of  two  sheets  of  steel, 
separated  by  air  chambers,  which  tN^pc 
of  construction  is  more  suitable  for 
fire-resisting  bulkheads  than  st)lid  steel 
plate. 

It  has  been  repeatedly  demon- 
stated  that  two  thin  sheets  of  steel,  say 
from  iS  to  20  B.\V.(i.  in  thickness,  with 
an  intervening  air  chamber  is  much 
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more  cftuctivc  as  a  fire  retardient  tlian 
\  in., or  even  i  in.  solid  plate.  The  un- 
even expansion  under  hi^h  temperature 
of  tlie  two  faces  of  the  solid  plate,  form- 
ing a  bulkhead,  causes  it  to  buckle  and 
open  up  at  the  joints,  whereas  if  the 
bulkhead  be  made  as  above  described, 
the  air  chamber  prevents  the  sheet  on 
tlie  side  away  from  the  fire  becoming 
superheated,  with  the  result  that  it 
remains  in  place  and  prevents  the 
spread  of  fire.  The  weiglit  is  practic- 
ally the  same  as  if  made  of  w(K)d,  and 
the  cabin  framing  can  be  produced  at 
only  a  slight  advance  over  the  cost  of 
wooden  framing. 

Double  steel  cabin  partitions  arc  built 
with  air  chambers  for  resisting  fire,  and 
constructed  «-o  they  can  be  easily  fitted 
around  beams,  angles  or  channels.  The 
mo<lern  passenger  vessel  with  its  long 
corridors  of  dry,  highly  varnisheil  woo<l. 
presents  a  risk  from  fire  which  is  re- 
ceiving serious  consideration  from  the 
naval  architects.  A  fire  once  starterl, 
there  is  a  great  risk  of  its  sweeping  the 
entire  superstructure  of  a  ship  before 
the  life-boats  could  be  launchetl.  Steel 


cabin  doors  are  used  in  connection  with 
steel  cabin  framing,  so  that  each  room 
is  a  unit  in  itself,  antl  it  would  be 
impossible  for  a  fire  to  spread  from 
one  cabin  to  another. 

As  applied  to  new  ships,  these  ques- 
tions will  no  doubt  have  clue  considera- 
tion, but  what  about  the  larger  numl>er 
of  ships  already  in  commissi<m  ?  Ships 
now  in  service  can  be  made  reasonably 
safe  by  the  introduction  of  fire-resisting 
bulkheads  dividing  the  superstructure 
into  sections.  All  ships  are  divided 
below  the  water  1  ne  into  watertight 
compartments,  and  at  a  small  e.xjx'use 
the  bulklieatls,  which  form  them  could 
be  continued  to  tlu-  upper  ilecks,  and 
light  liolluw  iloors  introduced  at  all 
openings.  By  this  means,  a  fire  could 
be  either  e.xtinguislied  or  hel<l  in  check 
until  it  had  burnt  itself  out. 

This  system  was  installed  for  the  first 
time  by  the  funanl  Company  in  re- 
fitting the  s.s.  (  arinania  (see  I'igs.  2 
and  .i),  and  has  been  adopted  not  only 
for  the  new  s.s.  Aqiiata  ia  now  under 
c<mstruction,  but  for  their  entire  fleet. 
The  Holland   Lloyd  s.s.  (tchia  was 
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equipped  with  fire-resisting  bulkheads 
built  up  of  wood  and  asbestos  board, 
and  the  question  of  fire  protection  is 
also  being  ronsi<lered  in  connection 
with  the  s.s.  Vaicrland,  now  being  built 
by  Messrs.  Blohm  and  \"os<  for  the 
Hamburg-American  Line.  The  import- 
ance of  some  provision  of  this  kind 
cannot  be  too  strongly  urged,  for  the 
danger  is  great. 

People  of  all  nationality  and  all 
degrees  of  intelligence  are  passengers 
on  the  modern  leviathan.  The  care- 
lessness of  one  of  them  might  cause  fire 
in  a  state  room  which,  once  it  had 
eaten  its  way  into  the  long  corridors 
built  entirely  of  dry.  vamislied  wood, 
would  be  carried  by  the  forcr«l  dravight 
caused  by  the  rapitl  motion,  the  entire 
length  of  the  ship  in  a  few  seconds. 


It  is  satisfactory  to  note  that  without 
being  compelled  to  do  so  progressive 
steamship  companies  arc  taking  neces- 
sary steps  to  protect  the  lives  of  their 
passengers  from  fire,  and  it  is  to  be  hoped 
that  the  International  Conference  now 
sitting  to  consider  the  "  Safety  of  Life 
at  Sea."  will  make  some  recommenda- 
tions regarding  tliis  matter. 

Nowhere  is  steel  of  greater  value 
than  for  the  equipment  of  the  ship's 
kitchen,  ])antry  and  scullery,  for  it  is 
not  only  of  value  as  a  preventative  of 
fire,  but  when  finished  in  stoved 
enamels  it  is  nuich  more  easily  cleaned 
than  other  materials,  and  consequently 
more  sanitary. 

However  well  wooden  fittings  may 
be  used  there  are  always  joints  that 
open  up  with  the  changing  tenijx  iaturcb 
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to  which  it  is  subjected,  and  these, 
together  with  any  cracks  which  occur 

from  the  splitting  or  warping  of  the 
wood,  ofler  a  refuge  for  microbes  which 
can  fold  no  Imlgment  in  steel  fittings. 

The  drawers  are  nn)unte<l  on  channt  i 
runners  working  on  the  principle  of 
the  piston  of  an  engine,  so  they  always 
work  easily. 

These  steel  drawers  are  also  used  for 
the  fitting  up  of  the  purser's  office  so 
as  to  protect  the  current  documents 
from  fire  and  economise  -^pate,  The 

Cassengers  are  provided  with  lock  up 
oxes  similar  to  those  found  in  a 
safety  deposit  for  the  safeRuanlin^ 
of  their  valuables.  Two  keys  are 
required  to  open  these  boxes,  one 
being  left  with  the  purser  and  the 
other  being  held  by  the  passenger. 

On  the  s.s.  Aquatania,  in  addition 
to  the  stet  l  interior  fittings,  it  is  pro- 
posed to  ht  the  front  of  the  purser's 
office  with  a  steel  counter,  above  which 
is  to  be  placed  a  steel  roller  simtter, 

so  it  hernmes  another  steel  unit  in 
itself  and  further  reduces  the  quantity 
of  burnable  material. 

It  has  been  suggested  that  the  use 
of  so  called  "  fire  proofed  "  wood  meets 
the  requirements,  but  apart  from  not 
being  so  effective  as  steel  in  resisting 
fire,  the  processes  of  treatment  which 
have  come  under  the  writer's  observa- 
tion have  eau^(  d  the  wood  to  shrink 
or  so  tleteriorate  that  it  has  been  far 
from  satisfactory. 

The  manufacture  of  steel  furniture 
has  now  been  so  perfected  that  all  of 
the  private  cabins  and  public  rooms 


can  be  fitted  out  in  steel.  Wardrobes, 
chests  of  drawers,  washstands,  9tt,» 

for  the  cabins,  sideboards,  buffets, 
dining  tables  are  now  made  of  steel, 
and  when  finished  with  stoved  mamels, 
i  niirhnl  with  bronze.  produce  a  beauti- 
ful and  artistic  effect. 

Sharp  and  graceful  mouldings  liave 
been  drawn  cold  from  special  sheet 
steel,  so  architectural  designs  ran  be 
followed  for  the  panelling  and  decora- 
tion of  dining  saloons  and  other  public 
rooms. 

The  steel  used  for  the  furniture 
panels  and  mouldings  is  from  i8  to  20 
gau^c  in  thickness,  so  the  weight  is  no 
greater  than  if  the  work  were  produced 
m  hard  wood  and  in  some  cases  it  has 
worked  out  f\en  less. 

For  battleships  the  steel  furniture  has 
already  been  largely  used  not  only  for  a 
prevention  of  fire,  but  because  steel 
does  not  splinter  and  it  has  been 
found  in  the  past  that  many  fatalities 
have  been  due  to  Hying  splinters. 

Ileiv  is  weight  of  greatest  inip<5rtance, 
and  it  was  actually  founil  in  the  equip- 
ing  of  a  cruiser  that  although  50,000  lb, 
had  been  allowed  for  the  wooden 
furniture  that  the  steel  fuinituic  pro- 
viding the  same  accommodation  only 
weighed  40.000  lb. 

Tlie  logical  conclusion  of  this  pro- 
position  IS  the  entire  elimination  of 
wood  in  the  fitting  and  finnishing  of 
Steamships,  and  the  steamship  company 
which  follows  this  out  to  the  fullest 
extent  will  merit  and  no  doubt  obtain 
its  reward  in  increased  patronage  of 
the  travelling  pubUc. 
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Temporary  Overhead  Travellers  for 
Building  Construction. 

THE  advantages  of  erecting  tem- 
porary steel  gantries,  carrying 
overhead  travelling  cranes  for 
the  hanilling  of  materials  in  the  process 
of  building  large  offices  and  similar 
structures,  are  well  emphasised  by  the 
application  of  this  idea  in  the  erection 
of  the  new  Government  Stationery 
Department  premises  in  Waterloo 
Road.  These  buildings  are  of  rein- 
forced concrete  on  the  Hennebique 
system  throughout.  All  jib  cranes, 
derricks,  barrows  and  trucks  are 
abolished  by  the  use  of  the  travellers, 
which  are  arranged  to  cover  practically 
the  whole  area.  The  temporary  gan- 
tries were  constructed  in  sections, 
which  are  bolted  together  instead  of 
being  rivetted,  so  that  after  their 
removal  upon  the  completion  of  the 
building  it  will  be  possible  to  adapt 
them  for  other  building  erection  work 
of  different  size  and  conformation. 
The  gantries  have  three  parallel  run- 
ways, each  covered  by  a  lA  ton  electric 
crane.  The  cranes  arc  equipped  for 
hoisting,  lowering,  traversing  and 
travelling,  so  that  a  load  can  be  picked 
up  and  deposited  anywhere  and  at 
any  height  within  the  gantiy  structure. 
It  is,  of  course,  the  "  univei^al 
property  of  this  method  of  building 
construction  which  gains  for  it  the 
ninny   advantago  that  are  at  once 


apparent  when  compared  with  the 
more  usual  equipment  of  building 
cranes  of  the  jib  and  derrick  type. 
Although  naturally  more  expensive  to 
constnict  than  the  latter,  it  is  believed 
that  considerable  savings  may  be 
effected  in  time  and  labour,  and  it  is 
suggested  that  the  principle  is  one 
which  might  well  be  employed  in 
many  similar  cases. 


A  Fire  Damp  Indicator  lor  Mines. 

IN  connection  with  the  recent  mine 
e.xplosions,  the  particulars  of  a 
,  German  invention  are  interesting. 
The  apparatus  in  question  is  calletl 
the  "  Tire  Damp  Whistle,"'  and  is  in- 
tended to  indicate  the  pressure  of  ex- 
})losive  gases  in  however  small  propor- 
tions. It  consists  of  a  specially 
constructed  whistle,  through  which  a 
current  of  air  is  continuously  blown. 
So  long  as  the  air  is  pure  an  ordinary 
tone  is  maintained,  but  should  there  be 
one  per  cent,  of  dangerous  gas  present 
the  tone  becomes  broken,  tlie  uneven- 
ness  increasing  in  proportion  to  the 
amount  of  gas  present  until  at  hve  per 
cent,  a  series  of  b(Kjming  notes  are  pro- 
duced, constituting  a  warning  to  all 
witliin  hearing.  Tests  were  recently 
carried  out  in  the  presence  of  the  Kaiser, 
who  expressed  his  satisfaction  with  the 
results?  and  his  opinion  that  it  would  be 
the  means  of  saving;  manv  lives. 
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on  on  ^  Waters. 

SIR  RAY  LANKESTER.  in  the 
course  of  an  interesting  article 
in  the  7'(-/(  i,'r«/)A,  tleaUng  with  tlie 
historical  and  scientiftc  asuccts  of  this 
subject,  states  that  the  nrst  man  of 
education  and  position  to  draw  atten- 
tion to  the  matter  in  modern  times  was 
Benjamin  Franklin.  In  1757  he  was 
at  sta  with  a  small  fleet,  and  was 
astonished  to  observe  the  smoothing  of 
the  waves  by  the  oily  "  cook's  waste" 
which  poured  from  one  of  the  shij^s. 
In  this  way  be  became  interested  in  the 
application  of  oil  to  safety  in  navigation. 

In  1^44  a  commission  was  aj^inted 
by  the  Dutch  Government  to  experi- 
ment on  the  subject,  since  \'an  Beek 
and  others  had  urged  that  "  oiling  the 
sea  "  might  help  not  only  to  prevent 
the  swamping  of  shipping  by  breaking 
seas,  but  to  prevent  such  seas  from 
destrnvinfj  the  i;r(  :it  sea  walls  or  (h  kes 
of  the  Dutch  Coast,  This  comnussion 
experimented  with  the  "  rollers  "  in 
shallow  wat<'r  near  shore,  but  results 
were  not  a  success,  and  so  far  as  such 
waves  are  concerned  their  failure  is 
explaint'tl.  The  oil  liliiis  only  acts  .so  as 
to  prevent  the  "  breaking  "  of  waves 
in  deep  water. 

The  next  impt)rtant  step  in  thehistory 
was  made  h\'  Shields,  the  enfiineer, 
about  i(^j(y,  who  experimented  with  oil 
at  the  bar  of  the  harbours  of  Aberdeen 
and  of  Folkestone.  He  used  pimiping 
apparatus,  ami  an  altogether  unneces- 
sarily large  quantity  of  oil — £20  worth 
in  a  (ouple  of  liours.  In  iSS ;  the 
matter  was  taken  up  by  the  American 
Board  of  Admiralty,  and  the  evidence 
of  chips'  captain^  <  ollcrted  and  experi- 
ments made,  forty  or  fifty  careful 
statements  from  snips'  captains  are 
now  on  record,  showin;,'  that  f^reat 
breakers,  driven  over  the  stern  by  a 
following  wind,  were  almost  imme- 
diately changed  in  charactir  by  pour- 
ing a  pint  or  two  of  oil  out  behind. 
The  oil.  being  lighter  than  water, 
Spreads  over  its  surface  with  astonish* 
ing  rapidity,  and  to  an  astonishing 
degree  of  tenuity. 

There  is  a  consensus  of  opinion  that 
the  gradual  <lrii)ping  of  one  pint  of 
oil   per   hour  is   enough.    A  ship 


running  10  knots,  and  slowly  dripping 
out  oil,  will  leave  a  perfectly  smooth 
wake,  10  knots  long  by  40  ft.  wide, 
covered  with  a  film  of  oil.   The  thinneite 

of  this  film  is  beyond  (U  seription  ;  it 
is  that  of  the  black  part  of-  a  soap 
bubble. 


Capital  and  Labour. 

IN  the   course   of   his  presidential 
address    to    the    Institute  of 

Marine  Engineers,  Mr.  Thomas 
L.  Davitt  dwelt  upon  the  need  for  more 
harmony  in  the  relations  between 

employers  and  employed,  which  he 
considered  of  more  importance  in  the 
engineering  and  shipbuilding  trades 
than  perhaps  in  any  others,  and  em- 
phasis(td  the  good  that  would  result  to 
both  sides  could  such  conditions  pre- 
vail I  his  seems  too  obvious  a  truth  to 
need  lalxmring.  but  unfortunately  the 
men,  in  too  many  cases,  do  not  realise 
it. 

We  heartily  ageee  with  Mr.  Davitt 
in  deploring  the  methods  which  the 
men's  present  leach  is  have  adopted  of 
setting  (lass  ai.;ainst  cla">-s.  \N'ilh  the 
principles  of  sound  trade  unionism,  we 
do  not  think  many  employers  will 
quarrel.  On  the  other  hand,  collective 
bargaining  is  of  distinct  benefit,  pro- 
vitled  it  is  eotttctively  enforceable.  But, 
unfortunately,  is  is  only  too  painfully 
apparent  to-day  that,  generally  speak- 
ing, the  Unions  are  not  directed  by 
trade  vmionists,  but  by  political  wire- 

Eullers,  who  in  a  very  subtle  manner 
ave  captured  the^>e  organisations,  and 
are  now  exploiting  them  tn furtherance 
of  purely  political  aims.  We  suppose 
that  it  will  only  be  by  painful  experi- 
ence that  the  men  will  realise  that  the 
very  last  thing  many  of  these  agitators 
are  out  for  is  the  real  welfare  of  those 
who  they  claim  to  represent. 

So  long  as  the\'  pennit  nL;itators  to 
guide  the  destinies  of  tlieir  imions, 
whose  avowed  purpose  is  to  foster  dis- 
content and  foment  friction  between 
employers  and  employed,  no  better 
relations  can  be  cultivated.  Indeed 
these  leaders  tlesire  nothin.;  I  s-;  than 
better  relations  or  more  harmonious 
working.  Their  attitude  is  well  in- 
stanced in  their  bitter  opposition  to  all 
fonns  oi  co-partnership  or'proht-sharing 
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which,  generally  speaking,  have  ad- 
mittedly resulted  in  better  conditions 
for  the  workers,  and  mutual  benefit  to 
employers  J  and  employed.  Such  an 
attitude  is,  in  itself,  sufficient  comment 
on  their  hypocritical  claim  to  be  hghting 
for  the  real  welfare  of  the  tabouring 

classes.  Mr.  Davitt  does  well  to  draw 
attention  to  this  question,  for  we  are 
convinced  that  once  labour,  organised 

and  unorganised,  can  be  made  to 
understand  that  harmonious  working 
is  going  to  be  of  direct  benefit  to  it,  anrl 

that  the  interests  of  capital  and  lalx)ur 
are  not  diverse  but  identical  and  inter- 
dependent, a  very  big  step  will  have 
been  taken  towards  the  solution  of 

many  of  the  economic  problems  that 
are  causing  so  much  unrest  just  now. 

The  Di«Ml  EaAiae  Explosion  at 
■ray. 

THE  wheels  in  Government  de- 
partments move  slowly,  and 
the  Home  Otfice  report,  dealing 
with  the  circiunstances  of  the  explosion 
at  the  electricity  generating  station  at 
Bray,  which  occurred  on  July  loth. 
X912.  has  only  recently  been  issued.  It 
will  be  remembered  that  the  explosion 
resulted  in  the  death  of  the  head  fitter 
and  very  serious  injuries  to  the  chief 
and  assistant  engineers. 

The  Diesel  en^ne  in  question  was 
of  the  single  cyhnder  four-cycle  type, 
developing  about  50  h.p.,  and  began 
running  in  March,  1910.  Compressed 
air  for  fuel  ignition  and  starting  pur- 
poses was  obtained  from  a  two-stage 
compressor  directly  dri\'<.n  from  the 
main  shaft.  An  inter-to<.>ler  wiis  pro- 
vided for  cooling  the  air  between  the 
two  stages  of  compression,  rmrl  the  air 
passed  through  another  cooler  after  the 
final  compression.  From  this  after 
cooler,  the  compressed  air  at  a  pressun^ 
approaching  000  lb.  per  square  mch, 
passed  through  a  |  inch  copper  pipe 
into  the  blast  air  vt  vsc],  from  which  it 
was  conveyed  to  the  fuel  valve.  The 
air  pressure  hi  the  blast  vessel  was 
regulated  according  to  the  load  on  the 
engine. 

On  the  day  of  the  accident  the  pres- 
sure in  tlie  air  vessels  was  too  low  to 
admit  of  starting.  Therefore,  follow- 
jny  the  direction  of  the  makers,  in  such 


cases,  oxygen  from  a  ejrKnder  was 

utilise<l  to  bring  the  pressure  up  to 
the  requisite  standard.  Compressed 
oxygen  had  been  UScd  for  this  purpose 
previously  without  any  ill  effects,  but 
on  this  occasion  an  explosion  followed 
immediately  the  engine  started  run- 
ning. 

After  exhaustively  reviewing  the 
circumstances,  Mr.  G.  Stevenson  Tay- 
lor, the  insptM  tor,  rame  to  the  conclu- 
sion that  the  explosion  was  caused  by 
the  ignitkm  of  an  oily  deposit  in  tlie 
blast  vessel,  and  that  the  ignition  was 
transmitted  by  a  flame  explosion  from 
the  fuel  valve  casing,  passing  along  the 
blast  pipe. 

In  a  series  of  recommendations  aris- 
ing out  of  this  accident  the  inspector 
points  out  the  danger  of  using  oxygen 
for  re-charging  air  vessels,  emphasises 
the  necessity  of  only  employing  thor- 
oughly competent  and  experienced 
men  as  attendants  for  Diesel  engines, 
and  recommends  the  fitting  of  a  device 
for  preventing  the  transmission  of 
flame  along  compressed  air  fupes. 

A  New  Dm  for  Wirslcsaf 

ALTHOUGH  the  experiments  re- 
cently carricxl  out  by  the  staff  of 
the  Torpedo  School  on  the 
cruiser  Terpsichore,  in  Stokes  Bay,  were 
ofhcially  stated  to  be  merely  tests  of 
new  .  submarine  mines,  there  are  per- 
sistent rumours  that  in  reality  an  inven- 
tion of  an  Italian,  Professor  UHvi,  was 
being  tested.  This  gentleman  claims 
to  luve  dnoovered  certain  elect  riiil 
rays  by  means  of  which  he  can  explcnle 
magazines  and  mines  up  to  a  distance 
of  eight  miles. 

There  is  no  reason  for  stating  thnt 
such  a  feat  would  be  impossible,  since 
our  knowledge  of  wireless  applications 
of  ele<  tricit\'  is  as  yet  in  its  infancy, 
and  new  and  startling  developments 
along  these  lines  may  be  expected. 
.'\t  the  same  time,  without  moredefmite 
information,  too  much  credence  must 
not  be  placed  on  such  reports.  An 
obvious  difficulty  seems  to  Ix"  that  of 
directing  or  confining  such  rays.  More- 
over, unless  some  receiving  device  was 
necessary  to  render  them  effective,' all 
explosives  within  a  given  zone  would 
be  in  danger.    Only  quite  recently  the 
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War  Office  was  badly  hoaxed  by  a  man 

who  rlaimt'd  to  have  constructed  an 
electrical  apparatus  which  would  short 
circuit  the  ignition  apparatus  of  aero- 
planes and  so  stop  their  engines. 

Of  course  should  there  be  any  value 
in  Professor  Ulivi's  invention  the 
possibilities  that  are  opened  up  are 
appalling  to  contemplate  and  an  utter 
revolution  in  warfare  would  result. 
Moreover,  the  mere  suggestion  of  such 
a  {wssibility  lends  colour  to  the  idea 
that  war  in  time  will  be  made  impossible 
by  the  very  engines  of  destruction 
intended  to  render  it  easy  of  accom- 
plishment. 

Motor  Headlightft. 

ALL  road  users  know  and  suffer 
from    the   dazzling   effect  of 
powerful  motor  headlights.  The 
effect  of  meeting:  a  car  so  eriuipped  is 
positively  blinding,  aiul  many  accitlents 
have  resulted  therefrom. 

It  is  satisfactory  to  know,  therefore, 
that  investigations  have  recently  been 
undertaken  at  the  National  Physical 
Laboratory  with  a  view  of  solving  the 
problem  of  how  to  obtain  a  really 
efficient  headlight  and  at  the  same  time 
to  eliminate  this  danperous  feature 
which  at  the  present  time  characterises 
all  makes  on  the  market.  The  Presi- 
dent of  the  Local  Government  Board 
recently  visited  the  Laboratory  to 
intness  the  result  of  theseinvestigations, 
but  so  far  no  details  are  available. 


lAtemational  Bngfaccriiic  Congress, 

IT  is  proposed   tf)  hold    an  Inter- 
national  Engineering   Congress  in 
San    i'rancisco     in  September, 
X915,  in  connection  with  the  Panama- 
F^ific  International  Exposition  in  that 


city.   The  Congress,  in  which  engineers 

throughout  the  world  will  be  invited  to 
participate,  will  be  under  the  auspices 
of  the  loUowing  engineering  societies  of 
the  V'nited  States  : — American  Society 
of  Civil  Engineers,  American  Institute 
of  Mining  Engineers,  The  American 
Society  of  Mechanical  Engineers,  Ameri- 
can Institute  of  Electrical  Engineers, 
The  Society  of  Naval  Architects  and 
Marine  Engineers. 

The  Institution  of  Naval  Architects 
is  othcially  participating,  and  it  is 
probable  that  many  other  British 
I  nL;in erring  societies  will  al^be  repre- 
sented. 

It  is  anticipated  that  all  traveUing 

arranL;rmcnts  will  he  made  by  the 
American  Committee  of  Management, 
so  that  those  taking  part  in  the  visit 

will,  on  payment  of  an  inclusive  price, 
have  their  steamship,  railway  and 
hotel  accommodation  reserved  through- 
out the  entire  trip.  Further  details 
will  in  due  course  be  issued  as  received 
from  the  American  Committee. 


Ghent  BxliiUtim  Avnad  to 
«*  CasMu's." 

IT  will  interest  our  readers  to  know 
that  Cassier's  Enginf.kring 
Monthly  has  been  awarded  a 
Diploma  of  Grand  Prix  for  an  exhibit 
at  the  Criiriit  Exhibition.  The  exhibit 
consisted  of  current  and  past  issues, 
together  with  special  numbers,  such  as 
the  "  Oil  Power,  "  "  Marine "  and 
"  Railway  "  numbers,  and  some  spe- 
cially bound  copies.  The  only  class  in 
which  this  exhibit  was  entered  was  that 
for  I'echnical  Literature,  and  we  feel 
we  have  every  reason  to  be  pleased  with 
the  successful  result. 
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The  DicMl  or  Slow-Comlraatkm  Oil 

Engine. 

By  G.  Janm  Wh.Sc.,  and  A.  J.  Wa]li»- 

Tayltr,  C.E.  Crotby,  Lock  wood  nmd  Son.  London, 
X913.    7S'  M.  ntt. 

This  book  is  due  to  the  collabora- 
tion of  two  vcrsntilc  authors,  and  is  a 
curious  combinati*)n  of  a  tlieor«tical 
treatment  of  heat  problems  and  the 
practical  construction  of  Diesel  cns^ines. 
Both  the  autliurs  are  evidently 
thoroughly  familiar  with  the  subject, 
but  appi-ar  to  have  had  some  doubt 
as  to  how  much  they  should  assume 
that  the  reader  already  knows. 

The  book  is  divided  into  ten  chap- 
ters and  two  appendices,  the  first 
chapter  being  a  brief  account  of  the 
origin  of  the  Diesel  or  slow-combustion 
tvpc  of  engine,  and  the  second,  third 
and  fourtli  chapters  dealing  with  the 
^  theoretical  treatment  of  heat.  This 
]M>rtion  of  the  book  is  exceedingly 
well  written,  and  can  be  stuilied  with 
considerable  advantage  by  anybody, 
wlu  ther  inti-rested  in  the  Diesel  engine 
or  not.  On  page  39,  in  I'igs.  11, 12and 
13,  soine  interesting  diagrams  are  given 
of  P<(  -\'ic  and  Theta  Phi  imder  the 
conditions  of  expansion  and  com- 
pression at  constant  volume,  and 
alternativtlv  of  expansion  or  com- 
pression at  change  of  volume  but  con- 
stant pressure.  The  chapter  then  goes 
on  to  describe  the  constant  pressure 
cycle  in  more  detail.  Chapter  five 
deals  with  the  question  of  liquid  fuels 
generally,  and  comparison  is  made  of 
the  relative  value  of  coal  and  oil  as  a 
fuel.  Tliis  starts  with  both  fuels  at 
a  very  low  figure,  and  ends  up  with 
comparing  oil  at  62?.  .}tl.  jx  r  ton  with 
coal  at  34s.  The  authors  make  some 
deductions  from  these  figures  'and 
arrive  at  the  conclusion  that  oil  fuel 
at  50S.  per  ton  is  in  equality  with  coal 
at  i6s.  4d.  As  a  matter  of  fact,  slack 
for  gas  produrrtx  r-.\n  ln'  (»bt;nnrd  in 
the  North  of  lingland  for  between 
12s.  and  13s.  per  ton.  and  if  the  by- 
jinxhicts,  su<  h  siiljiliatt  *of  ammonia 
and  tar,  are  recovered  these  may  be 


taken  to  be  of  about  the  value  of  2s.  6d. 
per  ton  of  fuel  gasified,  so  that  with  oil 

anywhere  above  60s.  per  ton  it  becomes 
difficult  to  make  out  a  case  for  the 
Diesel  engine  for  stationary  purposes 
in  Great  Britain  ;  tlint  is,  of  course,  on 
the  fuel  consumption  alone.  On  page 
67  the  authors  repeat  the  statement 
that  :— 

"  Recent  geological  researches  have 
proved  that  there  is  at  least  as  much» 

and  probably  more,  liquid  fuel  than 

coal  on  the  globe." 
This  may  be  perfectly  true,  but  con- 
sidering that  tile  supplies  of  liquid  fuel 
are  in  the  hands  of  about  half  a  dozen 
powerful  financial  groups  who  are 
closely  allied  to  one  another,  it  does  not 
seem  probable  that  the  public  arc 
likely  to  benefit  very  much  by  further 
discoveries  of  oil-bearii^  districts. 
Dr.  Diesel  dnrini,'  the  last  vears  of  his 
life  was  greatly  interested  in  the 
(lui'stion  of  procuring  suitable  fuel  for 
the  Diesel  desiirn  of  engine,  and  closelv 
investigated  the  possibilities  of  using 
vegetable  oils,  such  as  the  so-called 
nut  oil.  However,  so  far  there  is  little 
information  available  as  to  the  cost 
of  cultivation  per  acre  or  the  price  of 
the  oil  per  ton,  and  for  the  present  the 
only  fuel  available  for  Diesel  engines 
may  be  regarded  as  some  grade  of 
petroleum,  or  some  of  the  products 
distilled  from  tar. 

This  book  will  probably  find  its  way 
on  to  the  shelves  of  most  engineers 
interested  in  !  internal  combustion 
engines,  and  in  many  respects  may  be 
regarded  as  quite  a  useful  addition 
to  the  literature  on  the  subject. 


Foundiy  Machinery- 

Kv  II.  Treiber.  Tramlatrd  and  rtviied  by  Clu*. 
s.iiti  r.   Scott,  Greenwood  and  Son,  London.  3*.  6d. 

IH-t. 

It  is  of  course  impossible  to  deal  at 

all  exfiaustively  with  such  a  subject 
in  so  small  a  voliune  as  the  one  before 
us.   However,  no  such  claim  is  made 

for  it,  but  it  i-^  intended  to  deal  briefly 
and  simply  witii  the  more  important 
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machines  used  in  foundry  practice, 
and  as  an  introductory  text  l>ook  for 

the  student  it  seems  to  an>\v<r  its 
purpose,  though  as  might  be  expected  it 
deals  chiefly  with  German  practice. 
It  can  in  no  senx-  be  said  that  it  is 
intended  to  advertise  any  particular 
manufacturer,  for  the  names  of  the 
makers  of  the  machines  actually  illuS" 
tratcd  arc  not  even  given — a  nrerncss 
omission  we  consider.  It  is  another 
of  the  well-known  "  Broadway  "  series 
of  engineering  handbooks. 

DictioBMryol  German-English  and 
Bagliah-Gcrman. 

ftv  Max   BpIIows.     Lanfman«,   Green  and  Co., 

J.I  ■till  '11.  .  int. 

i  hc  special  characteristic  of  this  work 
is  the  inclusion  of  a  very  large  number  of 

technical  and  scientific  expressions  not 
found  in  the  ordinary  dictionary,  and  so 
it  will  probably  be  useful  to  engineers. 
Its  arranp  mcnt  includes  many  novel 
features  which  are  covered  by  the  copy- 
right, such  as  the  distinguishing  of 
genders  by  ditfennt  types  and  the 
arrangement  of  the  German-English 
and  English-German  concurrently  on 
the  same  page.  Personally  we  think 
that  these  departures  do  not  add  to  the 
facility  of  ready  reference  and  rather 
tend  to  confusion,  but  this  impression 
might  beovcrcomc  with  longer  acquaint- 
ance. There  is,  lunve\er,  some  infor- 
mation as  to  grammar  and  weights  and 
measures  equivalents  included,  not 
usually  found  in  dictionaries,  and  this 
ii  certainly  very  useful. 

The  Gas  Worka'  Directory  and  Statia- 
tics,  1915-14. 

Haxell,  Watson  and  Vioey,  Limited,  Loodoa. 
los.  6d.  net. 

This  is  the  jOth  year  of  publication 
and  in  spite  of  the  growing  use  of 
electricity  its  usefulness  and  scope  are 
by  no  means  limited.  As  usual,  the 
particulars  on  all  the  usual  headings 
arc  thoroughly  revised  and  brought 
up  to  date.  For  those  not  familiar  with 
this  volume  we  may  say  that  there  is  a 
general  index  of  all  officials  connected 
with  gas  lighting  works  and  a  directory 


of,  and  statistics  relating  to  all  gas  works 
in  the  United  Kingdom,  and  informa- 
tion concerning  all  foreign  and  Colonial 
Gas  Companies  having  offices  in 
London,  as  well  as  a  list  of  Associations 
connected  with  the  industry. 


Principles  and  Processes  of  Metal 

Plate  Work. 

Uv  Kdwiii  C.  B.irri-I1  ('Ti>>by,  Lockwaiwl  ;iail  Si>n, 
Lmi  Ion.     i<>l  ^ .     -'-  Ill 

This  little  handbook  is  really  intended 
for  those  studints  preparing  for  the 
examination  in  metal  plate  work  of  the 
City  and  (iuilds  Institute,  of  London, 
but,  of  course,  its  usefulness  is  by  no 
means  confined  to  such.  In  a  recent 
report  of  the  examiners  attention  is 
drawn  to  the  general  weakness  of 
students  in  such  subjects  as  knowledge 
of  tools  and  mensuration.  The  author 
has  therefore  devoted  special  attention 
to  these  points.  There  are  in  addition 
chapters  tlealing  with  the  production 
of  metals  and  alloys  used  in  pl.ite  work, 
their  chemical  and  physical  properties, 
solders  and  fluxes,  turning  and  gal-^ 
vanising,  and  repair  work.  The  sylla- 
bus of  the  examination,  specimen  ques- 
tions and  answers,  and  mist  ellaneous 
notes  and  tables  concluili'  this  well 
illustrated,  simply  written  and  emi- 
nently practical  text  book. 

Screw  Cutting  for  Engineera. 

Hv  I■tn,^^  I'.il!,  A  M.I  .NUth.i:..  .M.I  M  l-.  Crwby 
L^KkKixxl  and  Son,  London.    191J.    2s.  6d.  net. 

This  is  another  text  book  of  the  same 
series  as  the  foregoing  and,  like  it.  deals 
in  a  practical  manner  with  the  subject 
treated.  It  is  intended  not  only  for 
students,  but  for  practical  mechanics, 
and  contains  numerous  illustrations. 


The  "Mechanical  World"  Pocket 
Diary  and  Year  Book  lor  1914. 
Emmelt  and  Co.,  Ltd.,  Manchester.  <d.  net. 

This  well-known  little  diary  enters  on 

its  27th  year  of  publication — a  fact 
which  is  suflicient  evidence  of  its 
usefulness.  As  usual,  numerous  new 
tables  and  improvements  arc  embo- 
died and  the  whole  is  really  marvellous 
value  for  the  modest  sum  charged  for  it. 
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thm  *•  Monte  Poacdo.'* 

PRTHER  interesting  details  are 
to  hand  of  the  results  achieved 
by  this  motor  sliip  which  we 
described  at  considerabk  length  in  our 
issue  of  October,  iqii.  Her  last  trip 
was  from  \'ictoria.  Brazil,  to  New 
York,  a  distance  of  4,5x0  miks,  which 
she  covered  in  17  days,  13  liours.  with- 
out a  stop.  A  correspondent,  who 
inspected  the  vessel  on  her  arrival, 
writes  as  follows  : — 

'  I  got  aboard  the  ship  shortly  after 
she  docked  at  Pier  26,  in  Brooklyn,  on 
July  iitli.  101.5.  Mv  first  visit  was  to 
the  engine  room,  and  the  engines  cer- 
tainly made  a  very  good  impression, 
and  cannot  have  l(M)keil  bcttt  r  on  the 
test  floor  of  the  manufacturer.  Anotlier 
proof  of  the  gcwd  condition  of  the  en- 
gines may  be  gained  from  the  fact  that 
practically  no  repair  work,  out  of  the 
ordinary,  had  to  be  done  at  all,  and 
the  engineers  and  helpers  were  free  to 
go  on  land  on  the  day  of  arrival  in  port. 
The  same  conditions  as  prevailed  for 
the  main  engines  apply  also  to  the  two 
auxiliary  sets 

"  In  order  to  inspect  a  cylinder  head 
and  a  piston,  one  cylinder  head  had 
been  taken  off  and  the  piston  taken  out 
and  dismantled.  The  wearing  surfaces 
on  the  piston,  piston  rings,  and  especi- 
ally in  the  cylinder,  were  in  perfect 
condition  ;  the  latter  as  smooth  as  a  mir- 
ror. The  parts  of  cylinder  cover  and 
piston  forming  the  combustioii  space 


appeared  black,  as  if  covered  with  a 
thin  coat  of  i>aint,  no  mululv  large 
earlx)n  deposits  being  visible.  Neither 
was  this  the  case  in  the  exhaust  ports. 
The  fingers  wotdd  not  get  blackt  ix  il  by 
reaching  into  them.  No  troubles  were 
experienced  on  any  of  the  main  bear- 
ings, pin^,  or  crosshead-guides.  The 
parts  requiring  tlie  most  attention  were 
the  valves  for  the  cooling  water,  and 
bilge  pumps,  and  for  the  air  compressor. 
The  fuel  pump  packing  seemed  to  be 
tight,  and  no  leakage  was  visible." 


Fire  Extinction  on  Ships. 

IN    view  of  the  Volturno  disaster, 
a  recent   demonstration  of  the 
Halley    tire     extingui>hing  and 
fumigating  apparatus,  at  which  we 
were  present,  was  particularly  interest- 
ing. 

The  demonstration  took  place  at 
Glasgow,  on  board  of  the  new  steamer 

Radja,  which  has  been  built  by  Messrs. 
\Vm.  Hamilton  and  Co.,  I'ort  Glasgow, 
for  the  Nederland  Steamship  Co. 

The  "  Halley  "  apparatus,  for  which 
sulphur  dioxide  gas  is  the  medium, 
consists  of  a  gasihcr.  stram  engine 
and  blower,  all  placed  together  on  one 
soleplate,  occupying  verv  little  floor 
space,  and  on  this  particular  ship  is 
accommodated  in  a  small  house  placed 
on  the  boat  ilt  <  k. 

The  S.0.2  is  carried  in  liquid  form 
m  sted  bottles,  which  are  connected 
direct  to  the  gasifier,  in  which  the 
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liquid  is  gasified  by  means  of  hot  air 
which  is  available  in  the  case  of  fire 
from  the  hold,  or  steam  may  be  used, 
should  there  be  insufficient  heat. 
Steam,  of  course,  is  used  entirely 
when  fumigating  only.  The  gas  thus 
generated  is  blown  into  the  bottom 
of  each  hold,  displacing  the  air  and 
thus  depriving  the  fire  of  the  oxygen 
necessary  to  support  combustion. 

The  hot  air  suction  from  the  hold 
is  placed  near  the  top,  and  on  the 
opposite  side  from  the  discharge 
inlet,  thus  causing  a  fair  circulation 
of  the  gas. 

At  the  demonstration,  a  dozen 
naphtha  flares  were  placed  at  intervals 
in  the  otherwise  empty  hold,  a  few 
hve  rats,  fruit,  etc.  The  liold  was 
made  as  air  tight  as  possible,  and  a 
plate  glass  placed  over  a  manhole, 
through  which  the  flares  were  visible. 
The  machine  was  started,  discharging 
the  fire-extingiiishing  gas  almost 
immediately  into  the  hold.  After 
about  an  hour  the  flares  were  seen  to 
be  extinguished,  and  later,  it  was 
ascertained  that  the  rats  had  been 
asphyxiated. 

The  demonstration  proved  the 
system  to  be  at  once  an  effective  fire- 
extinguisher  and  destroyer  of  rats  and 
vermin,  and  if  one  may  judge  by  the 
pungency  of  the  gas  an  excellent 
fumigator. 

It  also  proved  that  the.  damage 
which  may  be  done  to  a  cargo  byS.02 
gas  is  infinitesimal,  compared  with  the 
damage  which  would  be  done  with 
water  or  steam. 

The  great  advantage  of  having  the 
S.()2  in  liquid  form  over  the  solid 
sulphur,  i-;  that  the  gas  can  be  gene- 
rated much  more  quickly,  and  less 
time  is  h^st  in  getting  to  work  once  a 
fire  has  been  discovered.  Moreover, 
in  the  Halky  apparatus  no  special 
cooler  is  necessary. 

The  apparatus  is  liritish  made,  and 
the  installation  was  carried  out  by 
the  Welin  Davit  and  Engineering  Co., 
Ltil.,  London. 

rfew  Sensitive  Drilling  Machine. 

MONG  the  many  exhibits  of  tools 
and  accessories  at  the  Motor 
Show,  that  of  Messrs.  Drum- 


mond  Bros.,  Ltd.,  of  Guildford,  was  one 
of  the  most  interesting. 

A  really  reliable  drill  is  constantly 
needed  in  garage  work,  and  to  meet 
this  need  and  to  overcome  the  objection 
to  most  foot  drills,  which  so  often  need 
an  excessive  amount  of  labour  to  drive, 
Messrs.  Drummontl  have  produced  a 
drill  specially  constructed  for  this  class 
of  work. 


srw  DKiM.l^Hr.  MAciiiM   Km  om**!;*:  wohk.  M*r*> 

|»V   JIEbbR*.    KimmiONll    MKOS.,    ltl>.,  »OH1>LI.SI>ON, 
Cl'ILI>>OKI>,  >1  kRUV. 

In  this  machine,  which  we  illus- 
trate, the  tly  wheel  is  of  greater  weight 
than  usual,"  and  its  spindle  runs  on 
two  S.K.I",  ball  bearings  of  ample  size, 
accuratelv  held  in  a  rigid  single  cast- 
ing, bolted  as  a  separate  unit  to  the 
pedestal.  The  drill  spintlle  runs  in 
phosphor  bronze  bushes,  and  the  driven 
pulley  runs  on  a  similar  bush  rigidly 
held  in  the  head,  relieving  the  spindle 
of  the  belt  strain. 

The  tool  is  throughout  of  more 
careful  design,  finish  and  workman- 
ship than  is  usually  found  in  this  type 
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of  macliinc.  The  spindle  is  fitted  with 
a  self-centering  drill  chuck  of  first- 
class  cjuality.  The  table  is  made  to 
swivel  at  any  an^le.  and  can  therefore 
be  used  in  a  vertical  as  well  as  a  hori- 
zontal position  or  at  any  desired  angle, 
enabling  many  jobs,  otherwise  awk- 
ward to  hold,  to  be  easily  fixed  without 
the  usr  of  an  ani,'l<"  plate. 

Another  exhibit  of  the  same  hrm 
was  a  useful  electric  tool  grinder, 
which  can  be  opi-rated  by  plug  con- 
nection to  an  ordinary  electric  light 
sodcet.  It  is  small  and  compact,  and 
its  power  in  n  lation  to  its  size  is  really 
wonderful.  It  is,  however,  solidly 
constructed,  with  a  well-tlesigncd  base, 
which  can  easily  be  fixed  to  the  bench, 
and  should  prove  of  preat  value  in 
garages  and  repair  shops. 


Ploatiag  Docks. 

Me^-r^.  Swan,  Hunter  &  Wigham 
Riihanhon,  Ltd.,  have  just 
issued  an  e.\tremely  interesting 
booklet  dealing  exclusively  with  float- 
ing do<'ks.  Many  illustrations  and 
full  particulars  are  given  ot  various 
docks  they  have  constructed  for  all 
parts  of  the  world. 

The  illustration  on  page  424  shows  the 
British  Admiralty  Dock  in  the  River 
Medwa\'  liuilt  by  this  firm,  with 
H.M.S.  Lion  lifted. 

When  the  battle-cruiser,  H.M.S. 
Lion,  was  placed  on  the  Medway  dock 
for  the  lifting  trial  she  was  displacing 
close  on  30,500  tons,  and  drawing 
31  ft.  6  ins.  Taking  into  account  the 
height  of  the  keel  blocks  of  the  dock, 
the  total  distance  through  which  the 
battle  cruiser  was  lifted  was  ]()  ft.  In 
order  to  raise  tlie  deck  of  the  dock 
clear  of  the  water  about  40,000  tons  of 
%vater  had  to  be  pumped  out.  and  this 
operation  took  a  little  more  than  three 
hours,  which  was  well  within  the  time 
limit  prescribed  by  contract.  ;  After 
H.M.S.  !.{i>)t  had  been  scraped  down 
and  painted,  and  some  small  repairs 
had  been  effected,  the  dock  was  lowered 
first  thing  the  ne.xt  morniIl:,^  and  the 
ship  was  undockcd  during  the  day. 
The  lifting  and  undocking  of  this  great 
battle-cruiser  created  much  interest,  as 
at  the  time  no  ship  of  so  large  a  dis^ 


placement  had  ever  been  lifted  out  of 
the  water  by  a  floating  dock. 

Motor  Launch  !or  S.  America 

AX  interesting  ceremony  took  place 
l.ist  week  upon  the  occasion  of 
the  delivery  to  the  Venezuelan 
Oil  Concessions,  Ltd.,  of  a  Thorny- 
croft  motor  launch,  which  will  be 
used  in  connection  with  their  work  on 
Lake  Maracaibo. 

The  boat,  which  is  named  .l/;v.s,  was 
designed  and  built  by  Messrs.  John  I. 
Thornycroft  and  Co..  Ltd.  She  is  ]o 
ft.  in  length  by  7  it.  h.  am,  with  a 
draught  of  2  ft.  The  hull  is  of  teak, 
and  the  engine,  which  is  of  the  Thorny- 
croft M  2  type,  developing  15  b.h.p. 
on  paraffin,  is  fitted  forwanl.  The 
fuel  tanks  are  placed  under  the  forward 
deck.  A  folding  spray-hood  is  fitted 
as  a  protection  in  rou^h  wt'ather.  At 
the  aft  end,  cushioned  sheets  are 
arranged  to  accommodate  several  per^ 
sons.  Two  steering  wheels  are  fitted,  one 
forward  ;  and  a  second  wheel  is  within 
easy  access  to  the  reverse  lever  and 
throttle  handU,  thus  providing  for 
single-handed  control. 

Though  the  trial  j«)umey  was  made 
against  the  tide,  it  was  accomplished 
in  t,'ood  time,  notwithstanding  the  fact 
tiial  a  party  of  thirteen  were  on  board. 


H.M.S.  "  Liberty." 

H.M.S.  Liberty .  the  second  of  the 
two  T.B.  Destrovers  being  built 
by  J.  Samuel  White  and  Co., 
Ltd.,  for  the  1912-13  programme  is 
2bo  ft.  in  length,  and  has  a  dis- 
placement of  about  <)(«>  tons.  The 
machinery  is  of  the  Par>oti>"  impulse 
and  reaction  turbine  t^P«^'.  receiving 
steam  from  3  White-Forstcr  water- 
tulx!  boilers  burning  oil  fuel.  .Ml  the 
machinery  has  been  constructed  at 
Messrs.  White's  works. 


A  New  Stop  Push  Button. 

IT  is  often  of  vital  importance  to 
stop  machinery  instantly. 

In  a  sudden  emergency  a  slight 
delay  may  easily  cause  loss  of  life.   For  * 
this  reason  the  action  of  any  device  used 
to  obtain  an  emergency  stop  must  be 
sure  and  dependable.   Yet  many  of  the 
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push  buttons  providt-d  for  stopping 
electrical  machinery  are  the  reverse  t)f 
reUablo,  because  they  aim  at  short 
circuiting  the  no-volt  magnet  ct)il  of 
the  starting  switch  instead  of  breaking 
its  circuit. 

The  "  Igranic  "  patent  distant  stop 
push  button  is  intended  to  solve  this 
(hfficulty.  It  has  two  sets  of  contacts 
— one  set  normally  closed  and  the  other 
set  normally  ttpen.  The  normally 
closed  contacts  pUice  the  no-volt  magnet 
coil  in  serie>  witli  the  shunt  held.  The 
normally  open  contacts,  if  closed, 
would  provide  a  path  for  the  field 
current  independent  of  the  no-volt 
magnet  coil.  When  the  button  is 
pressed  to  slop  the  motor,  it  first  closes 
the  normally  oprn  contacts  thereby 
providing  an  independent  path  for  the 
field  current,  and  then  opens  the 
normally  closed  contacts,  thus  bn  aking 
the  circuit  of  the  no-volt  magnet  coil. 


"  Watchman  "  Circuit  Breaker. 

THI'-  advantages  of  automatic  cir- 
cuit breakers  over  fuses  in  power 
service,  or  even  in  larger  lighting 
services,  are  widely  appreciated,  but 
the  obstacle  in  the  way  of  their  more 
extensive  um-  has  always  been  cost. 
The  efforts  of  swiichgear  makers  have 
been  directed  to  the  production  of  a 
cheap  artick-  to  fulfil  the  functions  of  a 
fuse,    and    Messrs.    Switchgiar  and 
("owans,    Ltd..    Salford.    Man<  luster, 
after   devtiting   much    time    to  this 
questi«m,  and  making  numerous  experi- 
ments, have  produ<  t-d  a  circuit  breaker 
which,  w  hile  very  low  in  price,  possesses 
all  the  feat\u«  s  approved  in  high-class 
circuit    breaker    con>truction.  The 
"  Watchman."   as  their  new  circuit 
breaker  is  called,  is  built  entirely  on  the 
metal  and  mica  principle,  is  enclosed 
in  a  strong  cast  iron  case,  and  being 
operated  by  a  free   handle,  protects 
both  consumer  and  supplier  of  power 
from  damage  to  their  property  through 
(  losing  tlu-  circuit  on  an  overload  or 
dead  short.    A  fuse,  of  course,  does  not 
provitle  such  safeguard,  more<»ver  cus- 
tomers cannot  always  be  trusti-d  to 
require  a  fuse.    How-shaped  laminatetl 
copj.er  bru!^hes,  renewable  auxiliary 


contacts  and  carlion  breaks  are  further 
details  which  help  to  make  the  "  Watch- 
man "  a  th(m)Ughly  sound  breaker.  It 
should  commend  itself  to  station  eng  - 
neers,  becau>e  it  can  be  set  to  operato 
instantaneously  at  a  definite  current 
which  d<H  s  not  vary  as  time  goes  on  ; 
Ix-cause.  if  instantaneous  action  is  not 
desirable.   a«ljustable  delay  may  bo 
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obtained  by  the  application  of  Staffer's 
uatent  tiinelag,  in  which  case  the 
"  Watchman  "  acts  like  a  fuse,  except 
that  tile  amount  of  lag  is  under  con- 
trol ;  because  adjustment  having  been 
matle,  the  cast  iron  case  may  Ix-  sealed. 
As  Messrs.  Switchgear  and  Cowans  anti- 
cipate a  large  dt  mand  for  these  circuit 
breakers  they  are  kept  in  stock  in  two 
sizes.  30  amperes  and  150  amperes, 
drilled  for  I  conduit  and  ready  for 
inmiediate  delivery. 

Launch  of  s.s.  '*  Eburna." 

ON  the  14th  October  Messrs.  Swan, 
Hunter  and  Wigham  Richard- 
son. Ltd..  launchetl  from  their 
Wallsend  yard  the  sixth  ship  that  they 
have  built  in  recent  years  for  the  Anglo- 
Saxon  Petroleum  Company  of  London. 
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The  vcs«  l  is  i\u'  s.s.  Eburna,  a  steel 
two-deck  tank  steamer,  302  feet  long, 
■with  a  breatlth  of  52  feet  9  inolies,  antl 
designed  to  carry  over  7,000  tons  on  a 
niotlerate  draught.  The  Eburna  has 
been  built  on  the  Islierwood  system  of 
longitudinal  framing.  The  engines  of 
triple  expansion  type,  and  also  the 
boilers,  are  bein^  built  bv  The  W'allsend 
Slipway  and  Engineering  Co.,  Ltd., 
and  will  be  placed  in  the  after  end  of 
the  vis-cl.  Th<-  sramen  and  firemen 
will  be  acconimudated  in  the  fore- 
castle, and  the  engineers  in  the  after 
end  of  the  ship.  In  the  bridtjc  house 
amidships  quarters  will  be  provided 
for  the  captain  and  officers.  The 
various  holds  for  carrjring  oil  are 
separated  bv  transvcr-^e  and  longi- 
tudmal  oilli.t;ht  bulkliead>.  Amidships 
ts  a  pump  room,  and  at  each  end  of 
the  range  of  oil  holds  is  a  <'<)tf<  rdam. 
Arrangements  will  be  made  tor  steam- 
ing out  the  oil  tanks,  and  also  for 
installing  steam  heatint;  eoils  iti  each 
oil  hold  to  thin  heavy  oils  that  may  be 
carried.  The  small  steam  and  motor 
launches  of  the  shipyard  and  engine 
w<M'ks  easily  berthed  the  Eburna 
alongside  the  Wallsend  shipyard 
directly  after  she  had  become  water 
borne. 


Alttiniaium  tor  Motor  Car  Construc- 

tiOB. 

SOMl"  <if  the  many  uses  of  aluminium 
in  tlu-  abtjve  c<mnection  are  des 
cribed  and  illustrated  in  an  inter- 
esting Ix^ok  let  just  issued  by  the  British 
Aluminium  Co.,  Ltd.,  ol  109,  yueen  \'ic- 
toriaStreet,  London.  In  recent  years  the 
demand  for  the  metal  for  this  class  of 
work  has  become  increasingly  heavy, 
and  the  company  has  greatly  enlarged 
the  scope  and  extent  of  its  factories,  and 
is  now  equipped  for  turning  out  ingots, 
plates,  sheets  and  tubes.  Special  plant 
has  also  been  laid  down  for  the  produc- 
tion of  the  large  variety  of  sections 
needed  m  motor  construction.  An 
interesting  table  gives  the  comparative 
weights  of  brass,  copper,  steel  and 
aluminium  plates.  Photographs  of 
various  castings  and  much  useful  data 
are  also  included  in  this  list,  which  will 
be  sent  to  all  interested  on  request. 


Citroaa  Gcara. 

THH  firm  which  manufactures  these 
will-known      gears.  formerly 
known  as  .Andre  Citroen  and 
Co..  has  been  incorporated,  and  will 

in  future  be  known  as  Tlu'  Citroen 
Gear  Co.,  Ltd.  The  address  will 
remain  as  before,  i.e.,  2j,  Queen 
Victoria  Street,  London,  K.(  .,  and  no 
change  will  take  place  in  the  internal 
organisation  owing  to  the  incorpora- 
tion, each  «ear  recei\ing  the  same 
amount  of  j^i  isonal  attention  and  being 
as  scientitically  designed  and  cut  as 
before. 


PERSONAL 

We  learn  that  Mr.  Charles  H.  Luke, 
K.M.S.E.,  A.LE.S.,  until  recently 
dirci  tor  and  manager  of  the  EngineeriHg 
Rnii-a,  has  severed  his  connection 
with  that  journal,  anil  will  in  future 
devote  himself  entirtlx-  to  technical 
exhibition  work.  He  has  become  a 
joint  managing  director  of  Walter 
Cawood,  Ltd.,  the  well-known  exhibitioii 
organisers,  and  h\>  ])rt\atr  address  is 
now  Roslyn,  Welmslo^,  Cheshire. 


NEW  CATALOGUES. 


Thermoleed. 

Ronald  Trist  and  Co.,  Ltd.,  have 
just  issued  a  booklet  dealing  exhaus- 
tively with  their  well-known  Thermo- 
fccd  regulator  and  controller  for  steam 
boilers.  The  claim  is  made,  and  is 
supported  by  conclusive  evidence,  that 
the  cost  of  the  Tliermofced  on  an 
average  is  repaid  within  six  months, 
and  that  this  same  econoniv  i-  made 
every  subsequent  six  months.  This  is 
effected  by  the  evaporation  of  a  given 
extra  am(nuit  of  steam  for  flie  same 
quantity  of  fuel,  by  maintaining 
automatically,  a  uniform  working  level 
in  the  boilers.  Such  a  claim  deserves 
attention  from  all  steam  power  users, 
and  Messrs.  Ronald  Trist  and  Co.  are 
prepared  not  only  to  send  a  n  ])r(  senta- 
tive  to  fully  explain  the  svstern,  hut  to 
allow  a  sixty  days'  trial  of  tlie  regula- 
tor. We  certainly  advise  all  such  who 
have  not  already  proved  for  themselves 
the  merits  of  this  apparatus  to  commu- 
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nicate  with  the  makers,  at  4.  Lloyd's 
Avenue,  London. 


Oil  Fired  Boilers. 
Messrs.  Cochran  and  Co.,  Annan. 

Ltd.,  of  .\nnan.  Scotland,  have  sent 
us  a  descriptive  booklet  of  their  oil 
firing  systems.  In  spite  of  the  com- 
parativdy  high  jnice  of  oil,  this  form 
of  firin.i:  })rrsents  manv  advantages, 
\vhKli  will  be  accentuated  when  the 
price  regains  its  normal  level.  Messrs. 
Cochran  have  for  some  time  specialist  d 
in  oil  firing  for  both  land  and  marine 
boilers,  and  the  booklet  before  us.  by 
means  of  tlia^'ranis  explains  clearly 
the  various  systems  employed,  moie 
particularly  in  connection  with  the 
well-known  Cocliran  boilers,  prices  of 
standard  sizes  of  which  are  given. 
All  interested  in  this  question  would 
do  well  to  write  to  Messrs.  Cochran, 
who  will  be  glad  to  furnish  full  details. 


Btectric  LUte. 

The  fourth  edition  of  "  Notes  on 

Electric  Lifts."  issued  by  Smith, 
Maior  and  Stevens,  Ltd.,  of  London 
and  Northampton,  is  a  record  of 
results  actually  obtained  in  jiractice. 
It  has  been  brought  liglit  u])  to  date, 
and  embodies  details  of  all  tlie  latest 


improvements  and  safeguards  in  lift 

working.  There  arc  Very  many  illus- 
trations of  different  types  ot  lifts, 
engines,  controllers,  cages,  and  build- 
ings all  over  the  world  where  these 
well  known  lifts  have  been  installed. 
Costs  of  working,  repairs  and  upkeep, 
and  contrasts  with  other  systems  of 
lift  working  are  given,  as  well  as  much 
other  interesting  information.  Before 
deciding  on  any  system  it  would  be 
well  for  anyone  contemplating  a  lift 
installation  to  send  for  this  book.  Messrs. 
Smith,  Majw  and  Stevens  will  be  glad 
to  render  any  assistance  in  tlie  choice 
of  a  service.  The  excellence  of  their 
workmanship  and  rdiability  of  their 
products  are  testified  toby  very  many 
satished  users. 


Vicker*  Limited. 

This  firm  has  just  issued  a  special 
brochure  describing  and  illustrating 
by  excellent  photographs,  their  tidiibit 
at  the  Ghent  Kxhibitiim.  An  effort 
was  made  to  render  this  exhibit 
especiall}'  representative,  and  this  was 
CWtainly  acliievcd  ;  motor  cars,  machine 
tod^,  electrical  apparatus,  aeroplane 
and  marine  engines,  metal  work, 
etc..  were  included  in  this  di^ay, 
which  worthily  upheld  the  traditions 
of  British  engineering. 
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Do  You  Have  Rings 
or  Discs  to  Cut? 

•yHEN   you'll   want  tliis  machine — it 
will  save  you  time  and  save  you 

money. 

See  the  rapid,  csisy  way  it  cuts  \vith 
accuracy  clean  rings  and  discs. 

It  suits  a  wide  range  of  materials, 
and  engineers  find  it  particularly  useful 
for  cutting  joint  rings  and  the  like. 

Get  to  know  more  about  this  handy, 
reliable  machine — it's  a  boon. 

ASK   FOR  LEAFLET 
CM. 

RICHARD    KLINGER     &    Co.,  Engineer.. 

CONTRACTORS    TO    THE    ADMIRALTY,  6-c., 

66,   FENCHURCH   STREET.   LONDON.  E.C. 


Your  Motor  Runs 
Better  With  "  UnikoL" 

"IJNIKOL"  gives   ioo%  lubricating 
service — keeps   bearings    cool  and 
shafts  ninning  smoothly. 

It  is  a  high-grade  mineral  oil  which  will 
not  drip  from  bearing  ends — will  not  splash 
into  motor  coils — will  not  block  air  passages 
of  armatures. 

In  fact,  it  does  alt  a  perfect  lubricant  should. 

*•  Unikol "  banishes  friction,  hot  fjournuls, 
expensive  waste  and  all  lubricating  worries. 

There's  .-\  grade  of  "Unikol"  lor  every  lubri- 
cating condition. 

Accept    our  Free    Sample    Offer  NOW. 

UNIKOL  COMPANY, 

66.  FENCHURCH  ST..  LONDON.  E.C. 


A.k     (or  FREE 

Testing  Sample 

Simply  state  on  a  post 
card  tlie  type  of  bearing 
on  which  you  wish  togive 
"Unikol"  a  comparative 
tost  and  we  will  send 
FKKli  a  generous  supply 
of  a  suitable  grade  of 
"  Unikol"  for  your  trial. 
Send  NOW,  the  sample 
comes  at  onci-. 
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28.  Victoria  Street,  S.W.  (and  Rooms  F. 
and  G.,  House  of  Commons). 


Fa. 


Highly  technical  work  into  and  from  tvsry 

lanciU^  is  the  speciality  of  this  firm. 
Specifications,  Tenders,  Contracts,  Finan- 
cial or  patent  work,  etc.    Secrecy  can  be 
guaranteed,  as  all  work  is  done  00  the 
premises. 
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DRUMMOND-BARRETO 

Universal 

Machine 

is  a  complete  machine 
tool  installation  in  it- 
self, and  can  be  of 
special  service  where 
floor  space  is  limited 
and  w  here  the  instalhnR 
of  machines  of  indivi- 
dual type  would  be  im- 
possible —  as  aboard 
ship.    It  comprises  : — 

A  7  In.  S.S.S.*Latht. 
A  univerisl  Milling  Michins. 
A  Triple  Gear  Lathe. 
A  Drillint  INachIn*. 
A  Borine  Machine. 

It  can  handle  work  from  \  in.  to  ^r,  in.  diam..  and  is  correctly  speeded  f..r  this  great 
r.»n«e  of  work,  while  boini;  as  i-;mv  to  han«ll<-  a^  any  ordinary  .screw-cutting  lathe, 
rricc,  £257  8». 

DRUMMOND    BROS.,  LTD.. 

Worplcsdon,    Guildford.  Surrey. 
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J.  ARCHD  ALE  &  CO., 

...r,o^v,crx  LTD. 


IMPROVED 


Capstan  Lathes 

^  (3i   in.  to  8j   in.  centres)- 


^  AWARDED 

GRAND  PRIX 

^AT  BUENOS  AIRES. 


LEDSAM  ST., 
BIRMINGHAM. 


other    Specialities  : 

L  A  X  H  E  S. 


J*. 


The  lUuslrslion  ftprtscnis  our  12  inch  Centft  Lalht, 


NOBLE  &  LUND,  ltd.  ^J±}!L9,i 

Tclenrnm*—"  Lathes.  FcUinp."       Nat.  Telephone  23  Gatc>li>.ad.       P.O.  TtUphono  7  Fi  llinir. 
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Motor  drivrn  Pumo.     Miide  al»o  for  belt  or  ro»>e  drive. 


RICE  erC°  fLEEDS 

?    LEEDS, ENGLAND 

Save  on  your  Drilling. 


q  The  'Tunis'  Highspeed 
Radiftis,  Verticals  and 
Horizontals  will  posi- 
tively effect  a  big  saving 
in  your  Drilling  cost. 

Many  well-known  ship- 
builders and  engineers 
have  proved  this. 


CATALOGUE  FREE. 

D.  &  J.  TulUs  Ltd.,  To^  M^Xe..  Clydebank. 
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The  Best  is  the  Cheapest 

This  remark  applies  to  Screwing  Machines 

as  well  as  to  other  articles. 

It   has  been  proved   beyond  doubt  that 

HEAP'S 

Screwing  Machines  are  the  most  rapid  and 

reliable  on  the  market. 

Shall  we  send  you  particulars  ? 

Josbua    Heap    &    Co.,  Limltecl, 

ASHTON-UNDER-LYNE,  ENGLAND. 


CAMERON'S 


FOR   PUNCHING,  BEAM  BENDING  and  CUTTING  RIGHT  or  LEFT  HAND. 

ANGLES  and    BULB    ANGLES   UP   TO  30". 

JOHN  CAMERON.  Ltd.,  Oldfield  Road  Iron  Works,  Salt ord,  MANCHESTER 
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The  Reason  Why 


so  many  EXGINEEKING  ADS. 
lack  interest  and  fail  to  make 
new  customers,  is  that  they  arc 
written  by  the  Engineer  himself 
— a  man  who  has  neither  time  nor 
inciination  for  such  details. 


The  Remedy 


is  to  put  the  work  into  the  hands 
of  someone  with  a  dual  training 
— a  practical  Engineer  versed  in 
the  art  oj  advertising. 

H.  \V.  POWER  is  qualified  in 
both  capacities,  and  will  speed- 
ily put  your  ads.  on  a  paying 
footing,  for  a  moderate  fee. 

H.  W.  POWER. 

The  Enginecr-.-ld.  .Specialist, 

81,  Queen  Victoria  Street, 
London,  E.C. 

'Phone :  City  8590- 


lull's  Metal  &  Melloid  Co., 


Ltd..  Head  Office:  Yokrr,    near  GlasRow. 

Tclograms:  "Melloid,  Yoker."  BULL'S 
METAL  — Propellers  Bars,  Sheet*.  Pump  Rodt,  Valve 
Spindles,  Condenser  Slavs  and  Hates,  &c.  MELLOID 
(ReR.  Trade  Mark  and  Hatented).— Condenser  Tube*. 
Plates  and  Stays,  Boiler  Tubes.  Stays  and  Platejj 
Fire-box  Plates.  Bars,  Sheets.  Valves,  4c.  WHITE 
METALS.— Babbitt's,  Plastic,  Ac. 


igh-class  Hose   Pipes  for 


J    1     immediate  delivery.    Write  to  or  call  upon— 
MERRYWEaTUER  &  SONS. 

IV9,  LonK  Acre,  W.C. 
Ask  for  new  Illustrated  Price  Lists  to  b«  sent  periodi- 
cally as  issued.    Merryweatber  &  Sons  are  the  largest 
makers  ol  high-class   Suction   and  Delivery  Hose 
in  the  world. 

PATENTS.  DESIGNS.  *kd  TRADE  MARKS. 

Harris  &  Mills,  Chartered 
Patent  A««nU,  84  &  86.  HIGH  HOLBORN 
LONDON.  W.C.  Telegraphic  Address 
"  Privilege,  London."  Telephone  No. :  Holborn  2768 
Eslablisbed  \»M.  Circular  ol  prices  for  BritUb  and 
Foreign  Patents,  containing  useiul  information,  pott 
tree.  Chart  of  187  Mechanical  Motions,  with  descripUOD 
«l  each,  post  free,  Ad. 


RAILWAY  &  TRAMWAY   ROLLING  STtJCK. 

Hurst,  Nelson  &  Co.,  Ltd., 
The    Glasgow    Rolling  Stock  and  Plant 
Works,    ifotherwell     and  at  Chatswortb 
Wagon  W<irk>,  near  Chcilcrh«.ld  ;  Dri<ii;cnd  Wagon 
Works,   Briditetid.  GUmorganahire ;     and  Swansea 
Wagon  Works,  Swansea. 


.  J       l  y  Google 


cAss-ERs  MISCELLANEOUS  mont";"*** 


R.  E.  DAVIS'  PATENT 

BEVELLING  MACHINE 

FOR  SHIPS'  FRAMES. 

190  MACHINES  IN  USE. 


Cod*  W«rd  "  EyegU**.' 


A  1  and  ABC  Coitt  Bted* 


T«l*Br«m*  -  •«  ETNA.  LCITH." 


SOLE   MAKERS  : 

DAVIS  &  PRIMROSE. 

MACHINE  TOOL  WORKS, 

LEITH,  EDINBURGH. 


"WOODITE"  WORKS,  MITGHAM  COMMON,  SURREY. 

NOTICE  TO  ENGINEERS,  ELECTRICIANS,  STEAM  USERS,  AND  OTHERS,-"  WOOOITB  "  irticle*  c.n  now  b«  ob- 
tained with  the  utmost  (Irspalrh.  "WOODITE"has  stnrKi  Ibr  severest  test  for  six  years.  No  material  in 
•zittencecan  equal  it  lor  Steam  ur  Klrciriral  purposes,  and  other  appliances  ;  ha«  stood  every  test  up  to  44>tOOO 
volts,  for  1/B  in.  sheet,  nrithoiit  breaking  down,  by  the  London  Electric  Light  Corporation  and  others.  Ram 
••O"  Hat  Joint  and  Packing  Rings,  Pump  Cups,  Gaskets,  Manholes,  Valves,  Sheeting.  Patent  "WOODITE" 
G.G.  Rings,  and  all  mechanical  and  other  Goods  which  have  hitherto  been  manufactured  ia  India  Rubber, 
Leather,  &c..  can  now  be  made  of  "  WOODITC  " 

"WOODITE"  COMPANY,  MITGHAM,  SURREY. 


MACHINKRY  KXPIRTS,  AND  KXPORTEIIt  OP  SVERV  DESCRIPTION  OF  MACHINERY  AND 
ENQINEERINQ  CONSTRUCTION  TO  ALL  PARTS  OP  THE  WORLD. 


BRITrSH 


ERS  EXPORT  AGENCY 


3   LOMBARD  COURT 
LONDON.  EC. 

Bujrcra  od  CocaBittioa  or  aa  Priacipali.  Cartful  laspcclion  by  Eipcria  k«for«  Sbipaaat. 

Enquiries  solicited  and  promptly  attended  to.    Addreia  ai  above. 
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MACHINE  CUT 


DOUBLE 
HELICAL 


WHEELS. 

Also   all    other   kinds  of 
Machine   Cut  Gears. 

Rawhide  &  Paper  Pinions. 


AD.  AHLERS, 

SUNDERLAND. 


CRANES 

OF  ALL  TYPKS 
&  SIZES 

GEORGE  RUSSELL  &  C?.  LTP 

MOTHERWELL 
NCGLASGOW 


QUALITY 

in  Gearing. 

Cilroen  Gears  arc  specified  wherever 
quality  it  of  lirtt  imporlance,  bccau»e  of 
ifieir  Eti  cicncy  (98"u),  Silence.  Abjence 
of  back  lash,  and  great  sircngih. 

THE  CITROEN  GEAR  CO..  LTD.. 

(Lftlc  Andrw  Citrovn  A  Co.) 

S7.  Queen  VictorU  St.,  London,  E.C. 
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GENUINE 
EMEKir 

*  CLASS  . FLlOT  &i  .  .. 
&  PAPCRS'  of  all  i'.^ 

Sizes;  &  sHAiPEs ' 

STRIPS  ,  ROI^tS  ^ 
&  SHEETS  I 

i   ■  -I- 


DISCS 

of  PAPER &CLOTK 
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The  Resilient  Steel  Gear  Co. 


(SEYMOURS  PATENTS.) 


A'*  Floor.  Milburn  House,  NEWCASTLE /TYNE. 
SILENT  STEEL  GEARS  &  PINIONS. 

Tlictc  Gears  will 
last  longer  lhan  Raw 
Hide  or  Paper. 


They  are  the 
only  Reliable  Silent 
Pinion*  for  Air 
Compresior  and 
Railway  and  Tram- 
way Reduction 
Gearing. 


Can  be  made  for 
any  H.P. 

Adopted  by  Lead- 
ing Railway  Co.'*., 
Steel  Work*  and 
the  Admiralty. 


DOUBLE  HELICAL 
 GEARS  


Ensure 

Continuity  of  Engagement. 
Uniformity  in  Velocity 
of  Driven  Sbaft. 
Silent  Running. 
98^  Efficiency. 


Ratios  up  to  25  :  I 

in  Single  Reduction. 


THE  POWER  PLANT  Co.,  Ltd.. 


Telepliona  :  a2  TIEW8LET. 
Telegram*:  "ROC.  W.  DRATTON." 


WEST  DRAYTON,  MDX. 


13 


Digitized  by  Google 


CASSIER'S 


GEARS 


ENOINEER(Na 
MONTHLY 


Digitized  by  Google 


CASSIER'S 


CRANES 


ENGINEERINa 
MONTHLY 


OR  ANE^S 


8TBAM,    HAND,    PETROL    and  KLCOTRIC. 


RAILWAY  PLANT 

Turntuble*.  Tpaver««p», 
Hydraulic    Buffer  Stopa 


OPENING  BRIDGES 
STONEY  SLUICES 
HARBOUR  PLANT 

Cap«t*n»  and  Winches 
Ranaome  Concrete  Mixer 


42  TON    STEAM    QOLIATH  CRANE. 


RANSOMES  &  RAPIER,  LTD., 


IPSWICH. 


Address  all  Enaolrles  and  Correspondence  to  Dept.  I.  32.  VICTORIA  ST..  LONDON.  S.W. 


CRANES, 


ELECTRIC  AND 
HAND  TRAVELLERS. 


Looo.  Steam  Cranes.    Electric  Wharf  Cranes.    Electric  Goliath  Cranes 

Contractors  to  the  Admiralty,  War  Office,  Ac,  Ac. 


MARSHALL,  FLEMING  &  CO., 


MOTUERWELL,  SCOTLAND. 

LONDON  OFFICE  I  NEWCASTLIMJN.TYNE  OFFICE  I 

301>2.  Mansion  HouM  Cbambara.  E.G.  1.  St.  NlcbgUa  ftuUdlnsat 
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ALEX.  FINDLAY  &  Co.,  Ltd., 

STRUCTURAL  ENGINEERS, 

MOTHERWELL,  Scotland. 

STEEL  BRIDGEWORK,  BUILDINGS 
ROOFS,  GIRDERS,  Etc. 

STEEL   PITHEAD  FRAMES. 
STEEL  WAGON  UNDERFRAMES. 


-  SPECIALITY  - 
STAMPED  STEEL 
FLOOR  TROUGHING 


ABC  CODE 
4th  A  5th  Editions. 


He sd  OWce:  MOTH ERWELL,  N.B.  

London  Office:  9.  VICTORIA  STREET.  S.W 
Telegrams'.  FINDLAY.  MOTHERWELL. 
 PARKNEUK.  LONDON. 


SMITH  S  CRANES 

ARE   ABSOLUTELY  RELIABLE. 

Locomotive  Sleam  Gantry  Crane,  oa  12  wbeels. 


Overhead, 
Locomotive, 
and  Qoliath 
Cranes  by 
Steam,  Electric, 
and  Hand  Power. 

8«nd  for  Catalogue. 


THOMAS   SMITH  &  SONS, 

Steam  and  Electric  Crane  Works, 

RODLEY,  near  LEEDS. 


Telegrams  : 

"SMITH.  RODLEY." 


'  Google 


CASS.ERS  CONVEYING  PLANT  month""" 


Complete  Plants  for  handling  or  storing 

COAL  AND  ORE. 


Patent  Ash  Removing  Plants  for 
Locomotive  Yards. 

Patent  Tipping  Apparatus 
for  Railv/ay  Trucks. 


Head  Offices  &.  Works 

MELKSHAM, 
WILTS. 


GRANARIES 

for  stormg 
GRAIN  in  BULK 
OR  IN  SACKS. 

Complete  Grain  Handling  Plants. 


PATENT  SACK-SHOOTS,  CRAIN   DISTRIBUTORS,  *e. 
BRANCHES : 

LOROON.  32.  Qnten  Victoria  SIrMt.     ■        LIVERPOOL,  S4.  Caitit  Slrt«t. 
HOLL,  Burnall  AT«nat,  Soalt  Lant.       >        CARDIFF,  es.  Marlboro'  Roa4. 
Alio  at  JOHANNESBURG. 


Loading - 
and  Trans- 
port  Planter 

Telphers.  Cablew^. 
Buckef  Conveyors. 
^  Belt  Corw^?yorx.etc 


Blei^errs 

^  Aerial  T^^nspor^e^s  Umihed 

Land^  EJD^W  nou$«3Ctl(ewB(oad5rrRt. 


Wire  Ropeways 
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Wc>l(llcss    Stc?pl  Tubes 
For  Gas. Water.  Steam,  Sewage  etc  etc 


Spigot  &  Faucet  Tubes, 
Turbine  Mains, Poles. 
Boring  Tubes.  Drums. 
Cable  Tubes. etc  etc 


Tube  C  V' 


SALISBURY  HOUSE 
London  Vm/sll  London  E  C 
Works  -  Landore 
South  Wales 


r.AS  Mmvs  MTpitfD  TO  MessHs.  W  m.'CoWARI'  a  Co., 

Tilt  AUSIRALIAN  Ga»  LiOUT  C.I  ,  UNLV. 


Ltd.,  rOB 


PULLEY  BLOCKS 

Machine  Cut 
Spun-Geared 
For  Wire  Rope 


HOLT  &  WILLETTS 

CRADLEY  HEATH 
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RAILWAY  MOTOR  CARS 


AWARDS  : 

Silver  Medkl.  Franco-British 
Exhibition.  London.  1908. 

Two  Qold  Medals.  International 
Railway  Exhibition,  Buenoa 
Aires.  1910. 


The  Special  feature  of  tliis 
Car  Is  Lightness  combined 
with  strength  and  rigidity. 
It  can  be  easily  lifted  off  the 
track. 

Standard    Inspection  Cars 
4  H.P.  to  20  H.P. 
Passenger  Cars  to  1  50  H.P. 


Write  for  Catalogue  Illustrating 
latest  models  to — 


4  h.p.  Li|hl  Csr  to  test  Two. 

The  DREWRY   CAR   CO..   Ltd.,  i'  L^S^JS. 


Telephone  -458  London  Wall. 


Telegrams — "  Effervesce.  London." 


CROSBY  LOCKWOOD  &  SON,  Publishers. 


ii  sr  I'l  iii.isiii  1). 


I'.ii;. 


Ilhi-lr.ili'iiis 


Dt-inv  .ivo.    «.  l  itli 


'••1.  lil  t . 


THE     DIESEL     OR     SLOW  -  COMBUSTION      OIL  ENGINE. 

.\  IVaclic.ll  Trcatisr  on  the  IV^jgn  .iii<i  i'-iti^trnrtlnn  ol  tbr  Hirsrl  F.nKlnr.  F'-ir  th>-  ii-t  of  I >r.iiiKhl>mcn, 
Stiiacnt,.  aiKl  oth.-r>.  Ilv  (i.  |.\.MKS  W  I.I.I.S,  \Vh.  St..  .\-.s(hl.  M.  Inst.  C.I...  M  l.  .M-.  l..  I  .iiul  \.  J. 
WALLIS  T.WLICK,  Iii^l!  C.K. 


JI'ST  ri  HI  ISIIi:!).     .'iS  r.mc*.    \V.»kI.  v.(t  Pm  Ue  t  Si/.-     I.imp  I.talhtr.  net. 

A  POCKET  GLOSSARY  OF  TECHNICAL  TERMS,  i^KMAN  V 'ngusm 

hur  ENG!M:i;K>  .iiiil  -MAM  h,\CTl'Kl  US.  Lonipil.-.l  bv  |.  G,  HOKNKK,  A.. M.I.  .M.- li  I-.  Tr.iiisialnl 
into  GrriD.iii  hv  OT  l  o  IIOLTZ.MANN,  .MchiIht  o(  the  Ultiie  i><  the  "  IUii}liatr>l  Tn  hiit.  .>!  DirttoiurK-s 
ill  Six  l.;iitKUdK<'!>." 


MSI"  IT  ULISHEI).      .-fii  70  Illiivtr.itii.il*.      l)<-mv  Svo. 

CARBURATION:    IN  THEORY  AND  PRACTICE. 


Cli>ih.  net. 

liii  UiiJiiiK  a  Crili'  irimiif 
Carbun-llor  Ucvt-lnp- 

ranit.  A  Miinual  oi  Ki  l-  rcin  (or  .AiHiiniiilnlf  I-"nKiin'<f»  .mil  t)wn«-r>.  By  K.  \V.  .\.  IIKIIWER,  l-'.S.K  . 
A»»oc.  M.  Iii»t.  t.l-:.,  .\ullior  <>[  ••  Mi>t<ir  (..ir  I  oiivtriit  tn>n,"  Ac. 


JUST  PITBI.ISHKIX       s«4  I'aifex.       ji>)  Illustrations.       Dciny  Hvo.       Cloth.       ] :-.  >h\.  uct. 

PRACTICAL  STONE  QUARRYING.      ^Ij^r'aJ'  anr'.or-  st'ruu"      '  aT.Ts 

Grkeswlll,  A.m.  lu>t.  C.I',  .mil  |.  \  .  I.l-.|i  n.  I)  Sc. 

irsr  PirULISIItU.     m.i  I'jk,-,     1  I'lito- ami  <i6  llluslralmn*.    Crown  8vo.    Cloth.  .  ii<-t 

PRINCIPLES   AND    PROCESSES  OF    METAL    PLATE  WORK. 

tompilril  ti>  iiu<  t  the  rpi|iiin  iiu  ii I-  ot  tin-  >  ilv  aiitl  Guilds  of  London  Inslitiilr  I  \.inmialioii%.  .imi  \\t<>-r 
eiiKaKcil  ill  till'  v.irKiii:,  l>raiiih('>  i>f  the  Mflal  I'latc  TraJc.  Ily  Huwis  G-  11  \kict  rr.  I- iiKiiiirnng 
Iiislructur,  Municipal  Tcchnual  Cdllr-Kc,  IVirtitiioulh. 

CalaloRue  post  free  on  af>l>licatitm. 

LONDON:     CROSBY  LOCKWOOD  &  SON, 

7,  STATIONERS'  HALL  COURT.  E.O ,  AND  5,  BROADWAY,  WESTMINSTER,  8.W. 
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GRAND    PRIX  SEMI-DIESEL 

OIL  ENGINES 

FOR  CRUDE  AND  RESIDUAL  OILS. 

Sizes  up  to  200  B.H.I'. 

Centumptlon  of  Cradt  Patroleam  fnarmnlttd 
not  to  eieacd  {-pint  p«r  B.H.P.  par  hour. 

START  IN  TEN  MINUTES  PROM  COLD. 

NO  ATTENTION  REQUIRED  WHILE 
RUNNING. 

FORCE  FEED  LUBRICATION. 

COMPLETE  COMBUSTION. 

PROPORTIONATE  GOVERNING. 

..,u.,ran.n  of  100  B  M  P.  8.Z..  MECHANICAL  PULVERISATION. 

SECURING 

LONG  LIFE  AND  REGULARITY  OF  MOTION  COMBINED  WITH  GREATEST  POSSIBLE  ECONOMT. 

FETTERS    LIMITED,    Engineers.  YEOVIL. 

73.  QUEEN  VICTORIA  STREET.  LONDON.  E.G.  140.  VICTORIA  STREET.  BRISTOL 


tk AYES'  Seamless  Oil  Cans.] 


LATEST  PATENT  SERRATED  STEEL. 


50,000 

Supplied  to  tht 
British  Navy. 


Sole  Makers  — 


AIM  in 
COPPER  or 
BRASS  for 

Electrical 
Purpom. 


JOSEPH  KAYE  &  SONS.  Ltd..  ;.!JH^"or;SN';?o"'N*io-,:.VI: 

Manatfintf  Director,  W.  K.  KAYE.  M  I.Mech.E- 


WATER 
COOLERS 

(W  HIT  r.AKtU-^'    rAlKM  ). 

—  For  Gaa  and  Oil  En^inea.  — 

C.  WHITTAKER  &  Co.,  Ld. 

ACCRINGTON 


NATIONAL   ALLOYS  LTD. 

.  Slaiiiifactiirvrs  i>( 

ALUMINIUM  CASTINGS 

in  "ILFORD"  MKTAL  And  "IVANIUM," 

the  >tn.riit-*t  and  i»io>t  rfllablc  AI.CMINirM 
ALl.oYS  in  llii-  world  >t  coinprtitlvi!  prlics. 

SPECt/MITY  — Motor  caitings  and 
alt  non-ferrou*  'metal  oastiqgt. 

NATIONAL  ALLOYS  Ltd., 

"Alttor"  Foundry,  The  Hill,  iLFORD,  K. 

Ti'l.  pi. Mil.  ;  •.•1.1  III, .1.1 


'1  ■  l>  Liiniii'. ;  ■  .KItiur.  lltimi." 
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Alphabetical  Index  to  Advertisers. 


PAOB 

Abl?r».  Ad  

JVnjIo- American  Oil^Co.,  Ltd  ■♦- 

Aonounceinenti       ..       ..       .■  ••  * 

Archdale  4  Co.,  Ltd.,  J»mM   * 

Armstrong,  Stevens  &  Son,  Ltd   iviil. 

Arro»tTont,  Whitworth  k  Co.,  Ltd.,  Sir  W.  G.  ..  5 
\Tt  Motal  Construction  Co.,  Lt>i.      inskle  front  cov<t. 

Ath  &  Son,  Joseph  «° 

Asbworth  4  Co.       ..        ..        ..        ..        ••  * 

Avery.  Ltd.,  W.  *  T  


BabcAck  &  Wilcox,  Ltd. 

Barns  *  Son,  W  

Bayliss,  Ltd.,  William   

Sennit  4  Co.,  Ltd..  Ed  

Berry  4  Co.,  Ltd.,  Heoty  .. 
Bleichfrf*  Aerial  Transporters,  Ltd. 
British  Engineers'  Export  Agency.. 
Briti>h  .Miinnosmann  Tube  Co.  Ltd.,  The 
British  Mica  Co.,  Ltd. 

Brooke  4  Co.,  Ltd.,  J.  W  

Brotherhood  Ltd.,  Peter 
Brougbton,  Copper  Co..  Ltd.,  The 
iBrown,  Allred 

Brown  4  Sons  (Hfd.).  Ltd..  David.. 
Bull's  Metal  and  Melloid  Co.,  Ltd.  .. 
Burdon  A  Sons,  John 


..  46 
back  cover 
. .  7? 

i 

2J 
lO 

.  .  26 

54 

xxviii. 
..  J7 
.  back  cover 
..  71 
14 

9 


Uutlin  4  Co.,  Ltd.,  Thos  

Butterwortb  Bro«.,  Ltd  *9 

Caird  4  Rayner       ..        ..        ••        ••  — 

Cameron,  Ltd.,  John   * 

Citr6cn  Gear  Co.,  Ltd.,  Tl)e..    «^ 

Clarke,  Chapman  4  Co.,  Ltd.         ..        ..        ••  47 

Clydesdale  Chemical  Co   txvi. 

Cochran  4  Co.,  Annan.  Ltd.    .vi. 

Cole,  Marchenl  4  Morley.  Ltd  • 

ContraSo  Condenser  4  Kinetic  Air   Pump  Co., 

Ltd  

••  Contini-utal "  ryr«^«"ril«.T  Co.,  Ltd.,  The          ..  73 

Croisley   Bros.,   Ltd.         ..        ..  ..4' 

Daniels,  Ltd.,  T.  H.  4  J   57 

Davics  Bros.  4  Co.,  Ltd   io 

Davis  4  Primrose  ..        ..         ..        ..  •• 

Drlta  Metal  Co..  Ltd.,  The  b«ek  cover 

Dermatinc  Co..  Ltd.    6« 

Dickson,  Pringle  4  Co.,  Norman          ..       ..  "vi 

Dobbie  Molnnrs.  Ltd.       ..          ..        ..        ..  xvi. 

Doxford  4  Sons,  Ltd.,  Willlani   7^ 

DrewryCacCo.,  Ltd.,  The   '7 

Drummond  Bros.,  Ltd.      ..        ..        ..        ..  4 

Drysdale  4  Co..  Ltd  


BUTTERWORTH  BROS. 
LIMITED. 

NcedJe  Lubricators, 
Drip  Cups. 
Machinery  01355.  V 


Newhon  Hcahh  _ 
Class  WorhS.  MANCHESTER. 


INDESTRUCTIBLE 

COMBINATION  WASHERS 

hor  Kl»nB<'  JotiiU  ol  tttaain  aoJ  W»lm  Plpet. 


luviluahle  to  En«tn«n.  Rallwiijf  »ni  BhlpbolUin*  Co«ai«'i<.« 
rU-    >"»«I  very  e»t«>n«lTri)f  on  th«  Cun»r<l  8  S.  Lmltuila. 
Spl'ij  tnr  I-lst  to  - 

C.   A.   PETERS,  LIMITED, 

H.,^;^ru«rKc.  DERBY.  .''cZTi.°'^.. 
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UtoftCO.  I.ldL,Tbn.   —        Heap  A  Co  .  i.t,l  ,  l  ,,i,ua  s 

Hrenan  4  I  roii.lr.  Ltil  42 

Holt  &  Willrttj   16 

Houston  St  Kerr.  Lt.l.,  J.  &  K.  ..  •■31 

H  iw  Ir-ii  &  Co.,  Jiiiiir^,  Ltd...         ..        ..  XlVl. 

Hovi  M'tal  Co.,  of  ('.ml  Britaia,  Ltd.  ..  — 

F.irlry  &  Sons  Jamrt   34  Hu.lson.  John.  *  to  ,  Succenon  54 

Findlay&  t^.  Ltd    Alex   if,         Hod»wcll,  Clwke  &  Co  95 

flmiDfl;  BIfkbr  *  Good«U  LU».  »        Hmst.  Neltop  *  Co.,  Ltd  9 

■nd  inside  bacii  cov*r  w 

iDger^oll  Kdiui  Co.  ..  xvj. 

Garckes-  Manu«!   —  Itfcerwood.  J.  W   Rxviit. 

Gasmotoreii  I  .ibilk  Dmti   ..        ..        ..  — 

Glrnb.iiK  fiii.iri  Fire  Cl.iy  Co.,  Ltd.,  The  baclt  cover 

Iv.  Ltd   xxlv. 

Graham  &  Co.,  AUred  •  4^ 

Green  ft  Son*.  Ltd.,  B.  ..       ..baek  cover 

Crice.  Grice  4  Son.  Ltd.   «vilL  Kay r  &  Sons.  Ltd..  Jo.*ph  ..  «« 

Gr.fl,n  &  Co..  Ltd..  Cbariet  31         Keyworlh  4  Co..  Orl.«do  - 

Gro*.r  ft  Co..  Ltd   «iv.        K«»t«r  ft  Co..  Wehtrt   i 


Halrlcn  S  Co..  Ltd.    7S 

H.ill  ft  SoiH,  Ltd.,  J. P.    \7  Lancaster  A  TonRc.  Lt  l   38 

Harfifld  A  Co.    45  Lill<-shjll  Co..  Ltd  ,  The    41 

HjcIiii;;,  W.  H.         ..                                       .,  47  LiniU.iy  &  Co..  R.  H.  ..  .. 

Harper,  Pliillip*  &  Co.,  Ltd.           .,                  ..  69  Lockwood  .V  C.irlisic,  Ltd.                       .,        ,.  46 

Harris  &  Mills                                 ..  •(  Lockwood      Sun,  Cri>sbjr  ..                              .,  tf 

HuYey  ft  Co.,  G.  A«                   ..  inside  Iront  covet  Lulie  ft  Spencer,  Ltd.    ti 


DAVIES  BROWERS  &  Co., 

CROWN  WORKS.  WOLVERHAMPTON. 

Bfttabliahcd  1888.     Om  War  Olllc*  mmd  Admiralty  Lists. 

GALVANIZED.  CORRUGATED  AND  FLAT  SHEETS. 
GALVANIZED  TANKS,  CISTERNS  AND  CYLINDERS. 

IRON   ROOFS  AND  BUILDINGS. 

LONDON  OFFICE:  BILUTER  BUILDINGS.  E.C 
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CASSIER'S 


CHARLES  GRIFFIN  &  CO.,  LTD.,  PUBLISHERS. 

THEORY  OF  MACHINES, 

AND   PRA0TICAL  MCCHANIftMS. 

By  ANDREW  JAMIESON.  M.  In»t.  C.E.,  M.I.E.E..  &c. 
Thr  above  U  Vnlimtr  V.  of  •'  A  T«  \l  Iwink  i>l  .\|>)>li*'*l  Mn  h.iiin  •.,  "  liiit      qiiUc  mmplelc  in  ilsclf.  The 
oilier  lixir  Vi>luiiii->'  .»rf  ; — 

I.  AI'I'I.ll  I)  MiaHANKS.    NiMH  l-miiox.    I'p      111.    TMKnKY    OK    STKfCTfKRS.  I-ichtii 

i-viii 4iH>.    In.  MiUTioN.    I'p.  i  xvili  +  r*M>. 

II.  STKI.Nr.Tfi  (»|-  MA TKKIAI.S.  Ivluuiii  Killlinv.      |V.    IIVUKAI  LItS.  HioKTii  Hiution.  I'p.  i-xviii 

I'p.  i-xvili-i- }i4.    +  (.-4.   

JUST  OVT.    Ill  Mciliuni  Avo.   HaiMlu>iiMr  Cloth.  With  ;ilH>iit  i«io  Itlii'slr.itions.        60.  nrt. 

THE  SAMPLING  &  ASSAY  OF  THE  PRECIOUS  METALS 

CUMI'KlSlNL,  (,i>l.l>.  SIl.M.K,  ANI>  I'l.AIIMM,  I  \  OKl-S.  lULLHiN.  A.SU  I'KtJUl  LIS. 
By  ERNEST  A.  SMITH.  A.R.S.M..  M.  Inat.  M.M., 
Deputy  Ass.iy  Ma^tir  <>l  Ihr  Sh>-itii-l»l  .As>.iv  (Mhrv.  lair  <>(  the  Royal  School  o(  Minc». 
l)rM'ri|iliv<;  Pr(>>pf('tii«.  i«  III  prrpiiratioii,  .-ind.  uhrn  rraily,  m<iy  be  hatl  pi»t  free  to  any  address. 

JI'ST  (M'T.     Sm<i\i>  I.KitKis.    Ui\i-ti!      Ill  (rmsn  .'>\<i.    With  maiiv  N«w  IIIu-.tratioii->.     iS'*.  net. 

THE  MICROSCOPIC  ANALYSIS  OF  METALS  IN  THEORY  A  PRACTICE 

By  FLORIS  OSMOND  and  J.  E.  STEAD.  F.R  S. 
With  a  Chapter  on  the  Metall«|{raphy  ul  iln-  Dvloriiiation  nf  Iron  \  Stfcl.anil  an  Appendix  outhe Theory  of 
the  Iron  C.iilioii  Sv'.iriii         Krvi»-il  anal  <  orrr<  ltd  l>v  i.  1'  SlUNIiY. 

SecONii  l;i>irioN.     Kfvi^nl.     In  l-irite  H\«.     lUniUoiui-  (  loth.  ("iill.    With  j7  I'nldiiiK  Pl.ile*  and  nearly 

SiMi  lllii'>lr.itii>ii's  III  the  Irxt.     ji».  net. 

THE  PRINCIPLES  &  PRACTICE  OF  DOCK  ENGINEERING 

By  BRYSSON  CUNNINGHAM. 

"Wc  have  never  >.r<  ii  .1  iiiorr  profiiM-ly  ilhiitra^cd  t^^■atl^e.  It  is  a  inri»t  iiii|Hirtaiil  &taii<]ard  work,  and 
should  111'  in  th<'  hand-,  nt  all  dm  k  .inii  harhoiir  eiiniiierr'..'"-  Sii  AysHii-.  Sp>  bk  .103 

LONDON:    C,    GRIFFIN    &    CO..    LTD..    EXETER    STREET.  STRAND. 


'''cicphone  No.  70,  Greenock.      TclcftrAmai  Iron,  Greenock. 

J.  &  R.  Houston  &  Kerr,  Ltd.,  ISSVrV.Tt^r^'"' 

CARTSBURN    FOUNDRY   t»i    GLENBURN    IRONWORKS.    GREENOCK,  SCOTLAND. 

CAST-IRON  TANKS 

For  Su^ar  Refineries,  Breweries,   Distilleries,  Gas  Works,  Ac. 


'■yHE  above  illustration  shows  .1  Tank  constnictcd  with  our  yfctt  square  standard  plates,  with 
I  independent  circular  corner  pieros.  and  planed  ed^es.  This  mctliod  of  construction  allows  of 
Tanks  of  various  dimensions  bein^  built.  Tanks  of  any  requiretl  <linionsions,  l  ither  square,  circular, 
or  rectansular,  havinp;  tlanRi  s  either  inside  or  outside,  with  planed  or  unplaned  ednes.  supplied 
complete,  with  bolts  and  nuts,  tic  rods,  and  large  cast-iron  washers.  Ac;  and  all  lilted  together 
at  the  works,  and  marked  re.id\  for  re-erection  on  reaching  destination. 

listimales  given  on  receipt  0/  size  required. 
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MarthAU,  Flemlos  and  Co   19 

IterUn  ft  Co..  Chas   — 

Ifothar  m4  PI«U,  Ud   SS 

M«rtf«with«c  ft  Soa»  9 

"  Htlil  ladwtry."  Tkt   — 

llatalUo  Valve  Co.   S* 

Miller  Aati-frletiM  Metal       Ltd.        xviii.  ft 

MItehw  Meter  C«»  Ltd.   56 

U«mtf«rd,  Frcdk.,  Ltd   t 


Ptciaai,  Ltd.,  Herbert  W                            ..  — 

Petan.  Ltd.,  C  A   *9 

Pcttm,  Ltd.   «» 

Piciott  ft  Co..  Ltd.  ThWBM   

PMlleekftCo.,  W.ftS.    4*- 

pownr*  1S«                            •«             «•  9 

PotMT  PUat  Co.,  Ltd.    i» 


Rootomn  &  Rapier,  Ltd     ..       ..       ..  ..15 

Reavrll  A  Co.,  Ud   4» 

National  Alloy*.  Lid  28         Rri.i  r..-.ir  Co  .  The   11 

<faval  aad  Military  Record,  The  70         Kc.d  &  S.»ii>.  Thomai    34 

NellOB  4  Co.,  Ltd.,  Cba»  32           Resilirtit  StofUicar  Co.        .,        „        „         ..  IJ 

NIchoU  Bros  *>o           Hjj,  Roo6ng  Co.,  Thr    6» 

Noble  4  Lun.!,  I.t.i                                                  ».          Rjce  4  Co.  (I.feds),  Ltd.    7 

North  Easteta  Marine  Eogineering  Co.,  Ltd.      ..    44          Romeike  4  Curtice.  Ltd   fa 

Northern  Railway  ol  Fraaoa   xiv.        Rotherfaam  Forge  and  RolUng  Milb  Co.,  Ltd.    ..  7t 

Ruuell  4  Co.  Ltd.,  Gcorga   » 

Roaio-Bhtish  ChamJb^olCoBBCfsa  t* 

Rnth«rford  ft  Co.  A.    34 


Oakay  ft  Som.  Joha,  Ltd  is 


Farkac  Foudcy  «...   — 

PaekattftSoM   3J        ScbBldt'aS«parhealiaECo.(t«to),Lld  44 


ADDICTED  BY  FIFTEEN 
ADMIRALTIES  AND  THE 
PRINCIPAL  SHIPOWNERS 
THROUCHOUTTHE  WORLD 


("TENii  VALVES 

THE  METALLIC  VALVE  C9. 
COLONIAL  HOUSE  ^ 
'•^  WATER  STREET'*' 

2  -  LIVERPOOL. 


Nelson's  Portland  Cement 

"Cock 

^c,9^^       fC>^et40^%eO»-  Brand 
Made  from  the  Lower  Liaa  Fornation.        More  Ihaa  80  Yeara'  Rcpulatioa. 
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LOCOMOTIVES 
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MONTHLY 


EatablUhed  1860. 


Tel.  AddreM  :— "  Loco.  Leedm.' 


HUDSWELL,  CLARKE  &  Co., 

RAILWAY  FOUNDRY,  LEEDS. 


LIMITftP, 


LOCOMOTIVE  ENGINES, 


Of  •ill  alxeB  •I"'* 
any  gauge  of 
Railway ;  of 

greatly 
Improved  Con 
•tructlon  foP 
Main  or  Branch 
Railway*. 
Contractor* 
Ironworks. 
Colllarle*. 


Price*. 

Photograph* 

and  full 
Specl(>cationa 

on 

application. 


SOLE  MAKERS  of  the  "  RODGERS "  PULLEYS  (Registered) 
Wrought  Iron  throughout.  Rim,  Arms,  and  Bo>t. 

ALSO  "ETCHELLS'-  NON-DRIP  BEARINGS.  SHAFTING,  AND  ACCESSORIES. 


PECKETT6  SONS. 

S_  BRISTOL. 


 AUm  —  • ' 

Locomotive  Works* 


TettgraphleAdirest 

'PECKETT.BRISTQL 

— —  _  _  i 

Locomotives  of 
v  arious  sizes 
always  in  stocic 
ready  for  imme- 
d  ia  t  e 
delivery. 

fhetoroplx 
Sptoillo*- 
titnt,  antf 
PriMS 
AppllMttaa. 


All  our  Locomotivo.  are  .Und«^di.ed  and  built  witb  .U  tl>e  Ule.t  mediod.  oi 
coMtrnction  sad  improvement.,  «nd  ere  euiuble  for  Main  end  Breach  Lme^ 

Contrectors.  Collieries,  Ironworks,  &0, 
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Skoda  Works.  I'lhcn,  Ltd  

Srail  Jlc  Zoon,  L  | 

Smilh  &  Co.,  Ltd..  Frederick        ,.        "  **   

Smith  &  Sons,  Thomas  .f 

Smilh.  Ma,or  *  Strve„3.  Lt./.  .,  b»ck  "cov^ 
Snnldrrs.  A.  F  

Sonth  Aliichcan  Year  Bod^!.. 

South  Eastern  and  Chathin  Railway  **.  xitr. 

Spene#T  4  Co.,  Lid,   « 

St.  Amlrew's  SoHUInfCa                      **       "  iSo 

StHnle  ft  Hartanf                                        '  f») 

Slorar  ft  Soo*.  Ltd.,  luac  . .  4, 

SutecrBm                                          \  \  II 

Switdifnr  ft  Cowant,  Ltd.                       !!  — 


I'liikol  Co. 

United  States  MctalUc  Packing  Co,  Ltd,.  Tkc 


5» 


VkJtMs,  Ltd.. 


Walker  ft  Co..  Lti.,  J«t  ,  , 

Wallmd  Slipway  &  EnglnecdaK  Co.,  Ltd.'  The..  54 

w«itoo.G«o.  w.  i: 

Waygood  ft  Co.,  Ltd..  R   "       *.*.  — 

Weir.  Ltd.,  C.  ft  J  ia^e  back  cover 

Wetin  DavJt  ft  Eofine^riog  Co.,  Ltd.,  The  jxvi. 

U'hun  A  Co .  Ltd..  J.  Samwl      ..  -g 

Whutaker  &  Co.,  Ltd..  C  

•*  Woodite"Cow   


aS 
10 


Taylor  A  Sons.  S.  T.. 
Taylor  4  Sons.  Ltd.,  Tom  .. 
Taylor  Ac  Challen.  Ltd. 
Thermit,  Ltd. 
Thom,  John  K. 

ThornycToft  &  Co.,  Ltd,  John  I. 
Treasure  &  Co.  J.  B. 
Trist  ft  Co.,  Ltd.,  Roaald  .. 
Tanit,  D.  ft  J.,  Lid  


.  47 

,.  56 
.  xU. 

.  9 
xxvi. 

•  47 

|50 


YmowkCo,  Lid. 


53 


1 


JAMES  FAIRLEY  &  SONS, 


I 


CAST    STEEL    $    STEEL  FORCINGS 

AND  TOOL  BLANK  SKOIALm. 
Atao  SHBAR,  BLISTER,  SPRING,  BBSSBMBR  STBBL.  ««. 

Ohl«f  omcM  and  WarchotiMi 

^^U'iSV  Shadwell  St..  Birmingham. 

WOMSt  ^mmuM  L—-.  Shameld ;  Mill  Stfaat  Forga  and  RMIng  Mill.. 
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TURBINE  PUMPS 


For  Driving  either  by 
Motor,  Water  Turbine,  Steam  Turbine, 
High-speed  Steam  Engine,  or  by  Belts  or  Ropes. 


Special  Features : 

Absence  of  Thrust  Beftrings. 
Automatic  Differential  Hydrnulic  Balance. 
High  Efficiency.    Low  First  Cost.  Accessibility. 
Adaptability  for  increased  or  decreased 
number  of  Chambers. 


PUMP.  1160  Galls.  P.M..  580  ft.  bead,  1000  R.P.M. 
MOTOR,  300  B.H.P.  at  450  volts  direct  current,  1000  R.P.M. 

We  recently  received  from  one  of  our  customers  an  order  for 
a  Tandem  Pump,  to  be  a  duplicate  of  a  similar  set  supplied 
about  six  years  ago.  During  the  whole  of  that  time  the  pump 
been  running  daily,  and  had  never  had  a  penny 
piece  spent  on  it. 
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SHIPBUILDING 
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MONTHLY 


VICKERS 


LIMITED 


H  M  S.     PRINCESS  ROYAL"  HUMS  KONGO' 

Stfllt  and  •ntip«hr  Altad  oiit  at  <af f oww-Iw-Fmi 


Sr.LF    DOCKING   FLOATING   SHIP  DOCK 
•  DUKE   OF   CONNAUGHT  •■ 


TURBINE   FOR  A  WARSHrP. 


47  NAVAL  GUN.  FIRING.  PROVING 
GROUND.  ESKMEALS.  CUMBERLAND. 


LATEST  MODEL  LIGHT  AUTOMATIC 
RIFLE  CALIBRE  GUN. 


All  TypM  of  Warahlpa  dsalgnad,  built,  anglnad, 
•rmed  and  apinoup*d  r««dy  fop  a«rvlo«. 


Commapoial  Shipa,  Staam,  Oil  and  Oaa  Eng(na«i 
Railway    Material,    Elactrieal    Plant,  Aapoplanaai 
Train  Lighting,  Duralumin,  Small  Toola, 


HEAD  OFFICES: 

VICKERS  HOUSE.  BROADWAY.  WESTMINSTER,  S.W. 

SHIPYARDS    AND    WORKS  , 

SHEFRELD,      BARROW-IN-FURNESS.  ERITH, 
DARTFORD,    BIRMINGHAM,  CRAYFORD 
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CASSIER-S 

AUXILIARY  MACHINERY 

ENQINEERINO 
MONTHI^Y 

Air  Compressors, 

VERTICAL  ENCLOSED  TYPE  FOR  EVERY  PURPOSE. 

ALSO 

STEAM  TURBINES 

AND 

High  Speed  Engines 

FOR  DRIVING 

DYNAMOS,  PUMPS,  FANS,  &c. 


100  H.P.  Air  Compreiaor,  3t000  lbs*  Working  Preatnre. 


PETER  BROTHERHOOD,  Ltd., 

PETERBOROUGH. 

Contractors  to  the  British  and  other  Governments. 
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TUNNEL  SEGMENTS 
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THOS.  BUTLIN  &  CO.,  LTD., 

IRON  MASTERS  and  IRON  FOUNDERS, 

Tttttrami  :  "BUTLIN.  WELLINGBOROUaH." 

N«.,n..T.,.,*.n.: ,  WELLINGBOROUGH, 

ESTABLISHED  1852.  ENGLAND. 


CAST  IRON  SEGMENTS 

FOR   TUBE    RAILWAYS,   SEWERAGE  WORKS, 
COLLIERY  TUBBING  AND  WELL  LINING,  &c.,  &c. 


"Section  of  Tunnel  Segment  to  specification." 

CUPOLA  and  BLAST  FURNACE  CASTINGS 

©F   EVERY  DESeRIPTION 
TO  SPEeiFieflTION. 
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ENGINEERING 

ABSTRACTS 


DECEMBER,*  191S. 
Edited  by  Dr.  C  lUnzbrunoer 

EXPLANATORY  NOTES 

AU  the  iiio^t  uupurtant  articles  ot  permanent  value  publi&lied  in  tlie  Transactions  uf 
tilo  Engineering  Societies,  and  in  alt  engineering  jounials  of  the  world,  ate  indexed  and 
abstracted ;  in  the  case  of  articles  published  in  foreign  languages,  the  index  is  givm 

in  English,  but  tlic  original  title  is  also  printed. 

Tlw  following  information  is  given  about  every  publication  :— 

1.  Title  ol  article. 

2.  Original  title  of  foreign  publications. 

3.  Name  of  author. 

4.  Where  published,  title  of  periodical,  volume  and  number. 

3.    In  ca->rs  when-  the  litl<'  is  not  self  explanatory,  an  abstrat  t  is  given,  the  length 
ol  whicti  varies  acconling  to  the  importance  of  the  article. 

6.  Price  of  original  article. 

7.  A  consecutive  niinil>T  for  the  piirjios^-  of  facilitatine;  the  ordcrinq  of  papers. 
We  are  ready  to  supply  tiic  full  text  ot  cvcrv  arlit  Ic  indexcMl,  in  theonj^inal  language, 

together  with  all  illustrations  ;  uur  charges  are  given  at  the  end  of  each  abstract.  Where 
no  price  is  stated,  the  copies  are  not  readily  obtainable ;  in  such  cases  prices  will  bo 
govenied  by  the  cost  at  which  these  joumab  are  published.  A  remittance  should 
accompany  all  orders. 

We  can  also  supply  abstracts  of  all  articles  indexed,  in  English  ;  the  charges  for 
these  vary  according  to  length  and  difficulty. 

Full  tnuMlations  of  articles,  together  witt  all  iUnstrationSi,  can  be  procured ;  charges 
on  application.   In  all  enquiries  consecutive  number  of  article  must  be  given. 

For  the  sake  of  convenience,  the  index  is  classified  into  the  larger  sectionsof  Mechaiii« 
cai  Knginecring.  Each  Section  is  again  divided  into  sub-sections,  which  are  arranged 
alphabetically.  Thus  it  is  possible  to  trace  at  once  all  articles  upon  the  subjects  claiming 
one's  special  interest. 

NoTB. — ^Unless  otherwise  requested  only  tiw  particular  article  mentioned  will  be 
9iot  and  not  the  whole  journal  in  which  it  cnxuis.  It  is  only  necessary  in  ordering  to 
give  the  serial  number  of  the  .\bstract. 
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AVERY  PATENT  AUTOMATIC 

FEED- WATER  and  OIL  SCALE. 


NO  POWER  REQUIRED 
TO  OPERATE  IT. 

Every  lb.  of  LIQUID  Accurately 
weighed  and  registered. 


Accuracy  Guaranteed. 

W.  &  T.  AVERY,  Ltd., 

Soko  Foundry, 

BIRMINGHAM. 
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I. 


COMMERCE  AND  INDUSTRY. 

Co-operation  of  the  Allied  Ele«trieal  In- 
dustries rrom  the  Standpoint  of  the  EIm- 
Uicai  Contraeton.  Gilliland,  G.  A.  "  El. 
Rev.Chie."   Vol.  53,13,  pp. 615-18.    is. 3d. 

No.  8175 

The  Future  ot  thb  BoffiiiMr  In  tin  Otilttt 
ScHiUBD,  F.  (Dm  Zttkuolt  dn  TeehidlMn 
tm  Orient*.)  ^'Z.  Oert.  log.  ArcJi.  V." 

Vol.  (  J  )  pp.  455-6.  IS.  6d.  No.  8176 
Progress  of  Engineering  in  the  East  "  Engi- 
neer." Vol.  io<).  3.015.  pp.  .^/'^-O  III. 
(Tsingtau  Harbour.  Shantung.  China). 
IS.  Xo.  8177 

Tk«  Ooaaantrattoa  of  tho  Ctorman  Intmtif 
more  wpMlally  of  Goal  nning.  Jubngst, 

E.  (Die  Konzentration  im  deutschen  Wirt- 
schaft-sleben,  im  besonderenim  Stein kohlen- 
bcrgbau.)  "  Glueckauf."  V6L  49-.?5.  PP- 
1.464-77.    2s,  r>d.  No.  8178 

Badness  Results  of  the  German  Compaoiw 
LUnitod.  la  1911-18.  (Die  Gesduteltaer^ 
getmiaw'der  rtevtsehen  Aktiengesellseliftften 

im   Jahfe,    1911-12.)    "  Glueckauf."  Vol. 

49. pp.  i.5'>j!-7o.    3s.  No.  8179 

International  Arbitration  Courts.  Mullen- 
DORFF,  R.  (Internatioiiah-  Sdnrds'Tcrirhte.) 
"ETZ."  Vol.34.  3«.  FP-  i."«''-''^7  (The 
judgment  oi  international  arbitration  courts 
ought  to  be  carried  into  effect  in  the  differ- 
ent countries.)    3s.  No.  8180 

The  Friedr.  Krupp  Works,  Frledrich-Alfrod 
Huette,  Rheinhausen.  "  Eogioeehng."  Vol. 
94.  2,491.    111.    IS.  No.  8181 

BDUOAnOH. 
The  IntolliOlMl  Moms  of  Progress  in  the 

U.S.A.  Matschoss,  C.  (Die  Kcistiijen  Mit- 
tcl  des  terhnischen  Fortsclinttis  in  den) 
Vereinigten  Staaten  von  Xordamerilia.) 
"Z.  Ver.  D.  Ing."  Vol.  57.  J9.  pp-  1.529- 
36 ;  40,  pp.  1,570-76.  (Chiefly  on  educa- 
tion.) 5s.  No.  8182 
Teaching  Mathematics  to  Engineering 
Students.  Whitku.  VV.  "  Eng.  News." 
Vol.  70,  12.  pp.  538-9.  2s.  No.  8183 
German-Chinese  Engineering  Edneotlon  and 
Englneeriag  Aeti?lty.  Berrbits.  (Deutsch-/ 
Chinesiacbe  Ingenieurerziehung  iind  In- 
genteurtaetigkeit.)    "  Techn.  Whrtsch."  Vol. 

6.  9.  pp.  ')tO-2H.     2s.  (h\.  Xo.  8184 

The  Training  of  Engineers  in  Spain.  liAKKow, 
E.  (Die  Ingcnieurau-shildung  in  Spanien.) 
"  ETZ."    Vol.    34.    pp.    973-4-    3S-  <»d. 

No.  8185 

The  BiMAflonal  SMe  ot  Englnewing  Draw- 
ing.   French.    T.    E.    "  Mcch.  World." 

Vol.  54.  i,3f}7,  p.  17><     '>'l.  No.  Si.Hh 

The  New  Engineering  Laboratories  of  the 
University  of  St.  Andrew's  University 
College,  Dundee.    "  Enguucnng."    Vol.  94. 

'.493.  P«  3**4'  ^'^7 
SIttdy  Tow  ApifOBtlee  Boys  Carefully. 

"  Railw.  Gaz."  Vol.  19.  13.  pp.  333-5- 
(.\ri  iiildros  rleiivfrei!  by  G.  .M.  i5a.Hford  at 
tJie  annual  niectuig  oi  ^the  Santa  I-e  Apprcn- 
tioe  Inotmeton.)   la.  No.  8188 


INDUSTRIAL  ECONOMY. 
ScientlUe  Management.  Schle.singer,  G. 
(Bctriebsfuehrung  unci  Ketriebswissen- 
schaft.)  "Techn.  Wirtsch."  Vol.  6.  8. 
pp.  525-68.  (Criticism  of  tiie  Taylor 
sy$Um.  with  apodal  reference  to  German 
conditions.)    2s.  6d.  No.  8189 

A  Contribution  to  the  Organisation  of 
Workshops.  Siehenfreind,  F.  (Ein 
Htitr.^L;      zur  Werkstacttcnorganisation.) 

WiTk.stattstt'clin."    Vol.  7.  18  pp.  555-9. 
Tab.  :  19,  pp.  583-6.    5s.  No.  8190 

Works  AoeonntlDf.  "  Int.  Comb.  Eng." 
Vol.  3.  56.  p.  679.  Odbix,  G.  W.  (Practical 
netliods  for  tlie  estiniatiofi,  detenninatioii 
and  control  of  costs.)   is.  No.  8x91 

Simple  Method  for  Making  CaleulatfBC 
Tables.  Wolfram.  U.  (Einfaches  Ver- 
fahren  zur  Herstellung  von  Berechnungs- 
tabellcn.)  "  Wcrkstattstechn."  Vol.  7. 
•9.PP- 579-So.    2s.  (xl.  |No.  8192 

Vtotofy  Sflloioney.  Yboubms,  L.  I. "  Boiler 
Maker."  Vol.  13.  9  pp.  295-7.  (Paper 
read  before  the  American  Boiler  Manu- 
facturers' Association,  Develand, September, 
1913)    IS.  No  8193 

Shop  Coots.  "  I3oiler  .Maker."  Vol.  13, 
9.  pp.  298-9.  (Paper  read  before  the 
Amencaa  Boiler  Manufacturers'  Associa- 
tion. Cleveland,  Ohio,  September,  191 3>) 
IS.  No.  8194 

Shop  Costs  of  Boiler  and  Plate  Work.  Con- 
nelly, W.  C.  "  Iron  .\ge,"  Vol.  92,  12, 
pp.  014-5.  (Boiler  makers  overlook  essen- 
tial (actors.  ImpoFtanoe  of  overhead  ex- 
pense.)   2S.  No.  8195 

Dolormliiatioii  of  Otorlioai  9wrmm  !■ 

Engineering  Works.    Mkks.  E.   fZiir  Un- 
kostenberechnung    in  .Maschinentabriken.) 
"  Werkstattstcchn."    Vol.  7,  15.  pp.  455 
Tab.  ;  lO.  pp.  488-91.    5s.  No.  8190 

The  Adoption  of  Piecework  Hme  in  the 
Tariff  of  Wagw  I«r  tho  Workmon  ot  PtomImi 
Ballwajr  Shops.  FOchsbl.  (Die  EinfOrw 
hung  der  Stiiclczcit  in  die  Lohnoidnung  der 
Werkstattenarbeiter.)  "  Glaser."  Vol.  73. 
0.  pp.  104-H.  (The  [liecework  times  are 
calculatiil  as  quotient  from  the  prices  for 
piecework  and  the  avenge  earnings  per 
hour.)    2s.  ttd.  No.  8197 

SOCIAL  QUESTIONS. 

Workmen's  Dwellings  of  Krupp  Works, 
"iron  ••\gc."    Vol.  92.   12,  p.  611.  111. 
(Late  arrangements  in^kling  housing  for 
the  unmarried  men.)    28.  No.  8198 

An  Employers*  Trade  Union.  "Engineer." 

\'ol.    Kid,    \.i>l  \.   )i.    V'.',-  ^^O-  8199 

The  Hours  of  labour  Prottlenu  Good,  T. 
"  Cask  Eng.  Mly."  Vol.  44.  4,  pp.  264-8. 
IS.  No.  8200 

Provisions  fOr  toployees  In  a  Hartford 
Piant.  Stedmak,  J.  "  Iron  Age."  VoL 
92,  14,  pp.  706-8.    111.    (Large  eating  hall 

at  tlie  work.s  of  the  Underwood  Typewriter. 
Sanitation  Measures.  Emergency  ilospitals.) 
as.  No.  8201 
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II.— MaehiM  ElMMnlt  and  Detten. 


GENERAL. 

Influence  of  Electrical  on  MMkanlcal  Engi- 
neering. lIoi'KiNhON,  E.  "  Mcch.  Kng. 
Vol.  32.  821,  pp.  372-5.    IS.  X<j.  .H202 

MMbuifeal  Drawing  in  Trade  SehooU. 
Babbitt,  A.  B.  "  Am.  Ifadunist."  Vol. 
39,  IS,  pp.  ^5-6.   xs.  No.  8203 

QlnvUMi  CtfieiilatloB  nai  StradartUsatlon. 

LjEiNWEnER.  Uruno.  "  Graphische  KalkuUl'* 
tion  und  Normalisierunij.)  "Dingier." 
Vot  3a8,  29,  pp.  454-6 ;  ji.  pp.  485-8-  58- 

No.  8204 

The  Experimental  Determination  of  the 
Oagroe  of  Uniformity.  Kiehm.  W.  (Die 
experimen telle  HestimmunR  dcs  I'ngleich- 
loennigkeitsgradea.)       "  Z.  ver  D.  Ing." 

Vol.  57.  «8.  pp.  1.101-8.   lU.    28.  6d. 

No.  8205 

About  Some  Models  for  Illustrating  Friellon 

Phenomena.  Mies.  Otto.  (L  eber  einige 
Modclle  zur  \  eran.schaulichung  von  Kei 
biingsi-rsolieiungen.)  "  Dingier."  Vol. 
J2»,  29.  pp.  449-52.  III.  (Report  aljout 
some  models  built  by  Prof.  Eugen  .Meyer,  of 
CharlottcnbunE.  for  liis  laborati>r\  1  5s. 

N\).  8206 

Tharaile  and  AMmtto  InsnlatioBs.  iiRAiKo. 
wiCH,  P.  (Thennische  und  alrastiaebe 
Iflblienuigen.)  "  Z.  Oest.  Ing.  ArA.  V." 
Vol.  ()5,  28,  pp.  4i9-42.    111.    18.  Od. 

No.  8207 

BEARING  AND  LUBRICATION. 

Improvements  in  Ball  Cages.  (Neuerungen 
in  Kugelkafigcn.)  "  Uhland.  Spec.  Ed." 
V.  pp.  25.6.  111.  (Two  new  ball  cages  are 
docrilied.)   2s.  6d.  No.  8208 

A  CoBtritatloii  to  fh«  Awll««tl«B  «l  Ball 
Bearings  for  Tramways.  Bethge.  \V.  (Ein 
Beitrag  zur  Verwendung  von  Kugellagcm 
bci  Strassenbahnen.)  "  1£1  Kraftbetricb.  u. 
IV"  \  (>1.  1 1 .  24.  pi>  4S1-4.  Ill  (  I  he  chief 
ail\  antages  of  Ijall  hi  arinf^s  arc  tin-  simiilitied 
maintenance,  tlic  convenience  of  moving tiie 
cars  by  a  few  workmen,  and  above  all  the 
aaving  in  Inbrication.)  is.  od.  No.  8209 
Whilt  IMd  Btttrtagi.  Schoxpflin.  G.  A. 
(Weissmetallagcr.)  "  WerksUttstecbn." 
Vol.  7,  17,  pp.  521-5.  in.  28.  6d.  No.  8210 
Automatic  Lubricating  Device  for  Lift  Ralls. 
(Ein  sclbsttatigcr  Sciiniierapparat  fiir  Fahrs- 
tuhlsohienen.)  "  111  land.  Spec.  Ed."  V. 
».9'3.  7.  P-  25.    2s.  <xl.  No.  «2H 

BELT  AND  ROPE  PULLEYS. 
Larga  Powar  Belt  and  Rope  Drive.  Steii- 
UK.  A.  (Neuzeitliche  Monster-Kraft-Rie- 
mentriebe  and  Seiltrieb-Lmbauten.)  "  Z. 
Oest.  Ing.  Ver."  Vol.  65.  40,  pp.  657^1. 
n.6d.  No.  8212 

Leather  DrlvlBg  Belts  and  Bdt  Drives. 

Stevham.  p.       (Lcflcrtreihriemen  und  Kic- 
mentricbe.)        "  Dingier."    Vol.  328.  30. 
pp.  470-7.   m.    (Influence  of  slipping.) 
as.  6d.  No.  8213 

Belt  Transmission  of  740  b.p.  In  dose  Qnar- 
ten.  "  Iron  Age."  Vol.  9a.  14.  PP.  708. 
in.  (.application  of  the  Lenuc  system 
with  30.in.  belts  and  abate  17,  1/2-it. 
apart.)    2s.  No.  8214 

Ball  Dfift,  Air  Pmrait  tad  fHallMial  Blae- 


triclty.   Skutsch.  Rudolf.  (Riementrieb. 

Luftdruclc  und  Reibungselcktrizitat.)  "Verb. 

Ver.  Gew."  191 3.  ?•  PP-  .39.V4"2.  HL 
(Experiments  with  l)elt  drive  hxed  on  a 
waggon  placed  in  large  vacuum  boiler ; 
COnparison  of  power  transmission  in  a 
VBCUam  and  in  the  open  air.)    58.  6d. 

No.  8215 

CLUTCHES  AND  C0UPUN6B. 
Flexible  CoupUnp  for  ■MUMTf.   "  Railw. 
Times."   VoL  104,  14,  p.  3«4- 

No.  8216 

Elastic  Coupling  of  English  Design.  (Dch- 
nuDKskupplung  cnglischer  liauart.)  "  I  h- 
land.  Spic.  Ed."   V.   p.  28.   lU.  2s  fHl 

No.  ii2i-j 

.«BAB8  AND  BRAKES. 

How  Method  tor  Gaienlation  Toothed  Gear. 

MtnLLBR,  B.      (Neuere  Berechnungsarten 

fucr  Zahnractkr  und  Zahnstangen.)  "  Z. 
Werkzeunmasch  "  Nd.  17.  PP-  548-5<»- 
111.    2s.  ffi.  No.  8218 

Graphical  Determination  of  Compound  Gear. 

LaUUNBR.  K-        (Zeu-lmerisrhc-   I'r iiii 1 1  lun - 

von  Stufenraedergetncljen.)    "  Z.  \  er.  li. 
Ing."   Vol.    57,    39.    pp.  1.537-43 
2S.  6d.  No,  8219 

Planotary  Ooan  aad  Their  ApplieatlOB  for 
Speed  Reducers  and  HnltlpllocB.  Larueixb 
P.  (Les  trains  plan^taires  et  lenr  application 
aux  reducteurs  et  multiplicateurs  devitesse. 
"  Rev.  Mec  ."  Vol.  2,  pp.  I38-<>»-  HI- 
jvi   r,d  No.  8220 

PIPES  AND  PIPE  FITTINGS. 
Transmission  Resistance  of  Superheated 
Stsam  in  Smooth  and  Corrugated  Compensa- 
tlOB  Pipes.  Bach.  C.  and  Steickle,  R. 
(Lettungswiderstand  uelierhiUten  Dampfes 
in  glatten  und  in  gewdltenAusgleichrohreB.) 
■  Z  \  er  n.  Ing."    Vol.  57.  a9.  PP-  >.l3<>-44- 

111.  2s.  <k1.  No.  8221 
Arrangement  of  Steam  Pipes.  Sutcubfb, 
J3.  \V.     '  Vulcan  "    Vol.  10,  111.  pp.  44-6; 

112,  pp.  70  ^      IS.  ^o-  8222 

The  Flexible  Metal  Hose.     (Der  Biegsame 

MeUllschlauch.)  "  LTiland.  Spec.  Ed.'  1. 
8,  p.  46.  lU,  (Manufacture,  application  and 
joints.)    2%.  6d.  No.  8-223 

Hose  Conductor  and  CTamp.  "Engineer^ 
\d!  <J4.  2.491,  p.  4.^7.  111.  (MainiMctnred 
In  I  hi  Howard  I^eumatic  Engineering 
Conipanv.  Ltd.)     is.  No.  8224 

Regulating  Devices  in  Cyllndrieal  Pipes 
ScHiLZ,  \V.  (Reguliervorrichtungen  m 
zylindrischen  Rohrleitungen.)       "  I  hland. 


Spec.  Ed."  Hi.,  pp.  35-6.  (The  ca  cu- 
lation  of  the  device  »  dealt  with.)    2s.  od . 

No.  8225 


Steam  Traps  on  Exhaoat  Uaoi.  mnMAB. 

\\ .  H.  "  Power."  V(rf.  38.  »4.  PP*  4S*«« 
111.    IS.  No.  8226 

Steam  Pipe  Death  Traps.  Wallace.  W;  M. 
"  Pract  Enj.;  ■  Vol.  48,  1387,  p.  293.  lU. 
(Water  Hammer.)    6d.  No.  8227 

SCREWS  AND  TAPS. 
Romrks  on  the  Design  of  Cocks.  (Notes  sur 
la  construction  dcs  robincts.)       "  Rev. 
Mec."   Vol.  33,  3,  PP- 257-67-  "'•^".Od. 

No.  8220 
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V. 


III.— Prlmt  Movers. 


OUfBRAL. 
Or.HaMfDiNni.  " Enfpneeriiig."  Vol.94. 
2,492.  p.  463.  (Histocyof  his  invention.)  ts. 

No.  8229 

The  Making-Up  of  He»t  Balances.  Ha^sen- 
.STKi.v.  \\  .  (Zur  -Viifstellung  von  W.ii  riiubi- 
lan/cn.)    "  Fcucrunt?st."VoI.  I,  i<».  ^)i>  U7- 

ti  ;  JO,  pp.  359-03.    5s.  No.  S.J  30 

Mts  upon  the  Transmission  of  Heat  in 
VMnmn  Btaponton.  Kerr,  E.  VV.  "  Jl. 
Am  Soc.  Medi.  Eng."  Vol.  35.  to.  pp. 

No. 8231 

n*  Mnabel-Bone  Boiler.    Kki  i  i  ,  F  :I)<t 

Scluinl>el-Lionc-Ke.s.sel.)  "  Z.  ^e^i.  I  urbi- 
ncnw."   Vol.  10,  24. p 369-372.    111.  2s. 

No.  S232 

HMt- Transmission  wltli  Bone-Setinabel  Fur- 

BMi.    Nl'ssklt  Wilhelm.    (Dio  I  Vbcrtra- 

fing  der  Wareme  Cei  cicr  iione-Schnaliel 
fcnemng).   "  Z.  iiayr.  Ke\ .  \\r."    Vol.  17, 

13.  pp.  125-*-  7  Itf-  M  PV  '.^"-9  (The 
es-scntial  features  of  heat  transmiiision  are 
explained  and  a  formula  ^iven  for  the  calcu- 

lafi'in  (if  the  'ii-.itiii.;  arra,;     5s.       No.  S233 

Distribution   of    Heat   in   Steam  Boilers. 

Power."  \  iS.  t-'.  [>[>  {<_>!>  2.  (A  stu<l\ 
of  (he  losses  encountered  in  the  steam 
boiler  and  .some  tent  results  showing  how  the 
boiler  cHiciency  was  incraued.)  is.  No.  8234 
Tmi  (toiMtmlBf  RatottoD  of  the  HumMUf  •! 
SIMB  and  tiw  Mtd  el  a  BaOar.  Damtsiii. 
WttH.  (Vcrsuche  Ulwrdie  AbhAngigkeit  der 
Danipf  ftu«  hti.i;keit  von  <ler  Kcssell>ela.stung.) 
"  Z.  Iiayr.  Kcv    \>r,"        \ol,  17,  pp. 

35*'';  15.  PP'  '4'''3*'  '1'  '''  I'l'  I''*'  *'i  ; 
•  8,  l>P.  i7«»-72.  EjcperimentH  with  single 
throttle  valves.  Preparing  lor  and  earr>-ing 
out  tests.)    I  OS.  No.  8235 

Tba  laonomieal  Working  of  Steam  Boilan. 
Maynari>.  F.  M.  '•  Brewers'  Ji."  Vol.  49. 
580.  pp.  582-4.    Ctd.    3s.  No.  8236 

Cost  of  Power  Generation  In  Steam  Plants  of 
Indnttrtal  Works.  (Kostcn  der  Kraftcrzeu- 
gung  in  l)am{>fanlagen  industrieller  Werku. 
"  Z.  Fiayr.  Rev  Ver."  \  <)1.  17,  13,  pp.  129. 
31  111.  15,  \<\i.  15K-52.  (230  anil  700 
II. I',  steam  engme  plants  of  a  textile  factory 
are  discussed.  2.000  H.P.  plant ;  the  use 
of  waste  steam  in  spinning  and  weaving 
mills.)   js.  No.  8237 

Oaal  Prodaela  Company't  Pewar  Plant. 

Artinostail,  S  G.  Power."  Vol.  38.  12. 
pp  ('^17  III  (  I  he  main  fcatiirrs  of  this 
pl.iii t  an'  1< luri!  1  in  thf  t \'p('  of  engines  in ^tall<*i! 
and  thf  mcthiHl  of  pipnii;  llic  units.  Tuo 
live-steam  lica<l(rs  run  [>arallcl  with  the 
boiler  room.  The  size  of  the  headers  and 
branch  pipes  from  the  boilers  are  such  as  to 
pre\  ent  loss  of  pressure  due  to  high  steam 
velocity.)   is.  No.  823S 

Vtrtleal  Tata  Boilan.   Tbtzbk.  F.  (Stett* 

rohrkessel.)  "  FeuerungSt."  Vol.  2,  i.  pp. 
2-7.    2s.  fxl.  No  H239 

Recent  Steam  Generators.       Wii.cke.  F. 

(Neuerc  Dainjifj^rzeiifier).  "  I'hland.  Spec 
E<1."  I.  8,  43-4  ;  9.  i>p.  ,50  1  111.  (The 
Borsig  iJoilcrs  are  described.  Horizontal 
tube  boilers  of  American  type.      No.  8240 


UnUarm  Baltoc  gpoalOaatiaiis.  Dt^RBAN,  T.  E. 
"  Boiler  Maker**  Vol.  13.  9.  pp.  300-2. 
SB.  No.  8a^i 

The  Steam  Boiler  Testing  Associations  iB 
Russia.    VON     DoEPP.    Ci.    (Die  Dampf- 
kessel- Ueberwachungsvercinc  in  Knssland.) 
•'  Z.  Ver.  D.  Ing."    Vol.  57.  35.  PP  > 
91.    2s.  No.  8242 

Boiler  inspection.        Robinson,   G.  F. 
"  I3oiler  .Maker."    Vol.     i  v    9.  PP-  277- 
83.    lU.    IS.  No.  8243 

Watar  laftaBlBg  aad  Watar  FBiiflaatioB. 

Lbnpbstbv.  H.  J.  DH  Q.  "  Vulcan."  Vol. 

10.  112.  pp  In.  No.  8244 

Soda  Ash  for  Boiler  Water.  Bromley,  C.  H. 
"  Power."  Vol.  3S.  12  pp.  412.3.  (Dials 
chietiy  with  the  troubles  most  often  exjx  ri- 
enced  when  using  soda-ash  in  l>oilcr  wateis. 
The  effects  of  diluted  solutions  are  pointed 
out  and  a  normal  solution  is  defined).  is. 

No.  8245 

G«Btrol  of  Waiar  PnrilaBtlBB  sni  •!  Bollar 

Water  with  tha  Aid  of  f^^adal  Water  Tasting 

Devices.  (Hie  Kontrolle  der  Was.serrciniRun),' 

und  ties  Kessolwassers  mitteis  Wassir- 
pruters.  'i  '■  I'hland  Spi-f.  l£d."  I  .  h. 
]>]>.   .\2  ;      III  '•<].  No.  h24(> 

Remarks  on  Hot  Water  Boilers.  Geiuer. 
(Einiges  uher  Warmwasserbertitcr).  "  Bayr 
Z.  Bayr.  Rev.  Ver."  Vol.  17.  15.  pp.  134, 
145-46.  111.  (Examination  of  damaged 
boiler),    is.  6d.  No.  8247 

Coit  of  Power  Generation  tn  Staam  Ptann 
of  Industrial  Works.  (Kosttn  ricr  Kraffi-r- 
zeuKiinK  in  1  )ain|ifkraftanlaj.;en  indus- 
trieller WVrki  :  "  Z.  Iiayr.  Kt  v.  Ver." 
Vol.  17,  14,  pp.  139-41.  (1,500  HP.  steam 
engbie  plant  is  dealt  with),   is.  6d. 

No.  8248 

CONDENSERS.        BOOHOnSBRl  AHD 
SQPBBHBATBB& 

OorrostoB  of  Brass  Condansar  Tabes  Bbn- 

<-.or(.H,  G.  D.  •'  Pract.  Eng."  Vol.  48, 
1.388,  pp.  318-9.  111.  (Experimental  con- 
den.ser   plant.)    <k1.  •    .\'o  S249 

The  Corrosion  of  Condenser  Tubes.  Mor- 
rison. I  H  G.  ■'  Page's  Wly."  Vol. 
23,  474,  pj>.  480-1.    IS.  No.  8250 

GoBdaBsatlon  Plants  Without  Air  Pumps. 
JossK.  E.  (Kondensationsanlagen  ohne  Luit- 
pumpen.)  "  Z.  ges.  TurUnenw."  Vol.  10, 
18,  pp.  274-7.   IB.   19.  PP' 293-9.   HI  4»- 

No.  8251 

Recent  Progress  In  Superheating.     "  Mach. 

Mark  "    \  ol    Kii  i.  p.  iz       III.  (The 

.M.iiihant  Siipci  li<'atcr.|     ("i.  Nii.  "^.^S- 

Cooling  Towers  for  the  Power  Plant. 
Hkown,  F.  "  Power."  Vol.  38  15,  pp. 
496-8.  III.  (Types  and  construction  of 
towers,  distribution  of  water  and  air.  and 
principles  of  operation.)  ts.  No.  8253 
DCTAILS  AND  ACCBSSORin. 
Young's  Steam  Engine  Valve  Gear.   "  Railw. 

Ixicom.  I-'.m;."  \'o1.  2<>.  10.  pp.  345-0.  111. 
2s.  No.  8254 

Recnt  Slide  Valves  of  English  Make.  (Neuere 
Schieber  engli.soher  liauart.)  "  I'hland. 
Spec.Ed."     Vol.8,  pp.  29-30   111.   2s.  6d. 

No.  8255 
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COCHRAN 
BOILERS. 

HIGH  ECONOMY  OF  FUEL. 

PERFECTLY  ACCESSIBLE  FOR 
CLEANING. 


Made  in  Sizes  from  60  sq. 
£t.  to  1,000  aq.  ft.  H.S. 

lUyEDIATE  DELIVERY  FROM  STOCK. 


COCHRAN  &  CO.  ANNAN  LTD.,  ANNAN,  SCOTLAND. 


COLE  ,  MARCMENT 
AND  MORLEY  '-■•■D.. 


STEAM 

ENGINES 


(MEDIUM  speed;. 


LTD., 


FITTED  WITH  PISTON 
DROP  VALVES 

(Morley's  Patent),  OPERATED 
BY   POSITIVE  GEAR. 


160  H.P    MEDIUM  SPCCD  TANOCM  ENGINE 
OTHER    SPECIALITIES  :    VERTICAL   AND  HORIZONTAL    SLOVi^  SPEED    PISTON  DROP 
VALVE  STEAM  ENGINES  ;    CONSTANT  PRESSURE  CRUDE  OIL  ENGINES  (working  on  the 
Diesel  cycle);  OAS  ENGINES  :  SUCTION  GAS  PLANTS  ;  COMPLETE  POWER  INSTALLATIONS. 


d  by  Google 
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PRIHB  MOVERS. 

Fnaomatie  Cylinder  Packing  Leathers.  Bknt- 
l*Y,  F.  W.  "Power."  Vol.  38.  15.  PP- 
498-9*  (Directions  for  replacing  pneu- 

matic cylinder  pacldng,  showing  delects 
resulting  from  some  methods  employed  and 
liow  ti)  rlimin.Lte  them.)     is.  No,  X256 

Safety  Devices  for  Steam  Plants,  their 
Design,  Working  and  Application.  (Dicher- 
heitsvorrichtungcn  im  Dampfbetriebe,  ihre 
Konstruktion,  Wirkungsweise,  V'crwcndung 
UDd  BewaehruDs.)  "  Z.  Ver.  D.  Ing."  Vol. 
57*  37i  PP>  X406-73.  111.  (Steam  fittings, 
valves,  etc.)    2S.  6d.  No.  8257 

BoBsf  Attaehments.        Term  an.   J.  E. 

"  PowtT."  Vol.  38.  14.  i>p.  .jM-4.  (Poin- 
tiTs  riKanliriK  the  proper  luciition  of  tlic 
u.itcr  rolumn  and  K.iuxi-  ).,'l;iss  on  \arioiis 
types  ol  slcam  boilers,  kind  of  pipm  g  and 
fittings  to  use  in  the  connections.)  is. 

No.  8258 

Encgy  (taasamptloD  of  lojeotor  Plantt. 
PFOTBifHAVBR,  H.  (Dcr  Energiebedarf  von 
Injektoranlagen.)    '  Z.  Bayr.  Rev.  Ver." 

Vf>!.   17.  I',  p.  155.8,  17  p.  t67*9.   18  p. 

Ibo- i  ;  19.  p,  192-4.    6s.  No.  82<)*J 

Separati  n  cf  Ste  m  from  Oil.  (Fntolun^ 
des  Damiifisl.  •  Thland.  S|)ct-.  Ed."  i  p. 
31-2.  III.  (Criticism  <>{  st  vi  ral  systems  ; 
description  of  ••  Loos  "  oil  separator).  2s.  6d. 

No.  8a6o 

OIB8EL  ENGINBS. 
Tk«  Broiatioa  of  tfe«  Dl«id  BigfaM.  "  Motor 
Boat."  Vol.  19.  482,  pp.  263-5.    111.  (Dr. 
Diesel's  story  of  its  inception  and  nro^ress.) 

M  No.  H2U1 

M.A.N.  Horizontal  Diesel  Engines  at  King- 
ston-upon-Thames   Corporation  Electricity 

Works.  ■■  Int.  Comb.  HriL;  ■■  \"ol  3.  55. 
pp.  OlH-20.     III.     IS.  .\o!  Szi',z 

The  Investigation  of  a  Diesel  Engine  In 
Respect  to  tlM  Variation  of  Its  Output  with 
tbs  Tklrd  Powtr  «f  tkt  Spsad  of  Rarolatloii. 

Gnittis,  W.     (Untersuchungen  an  einem 

Diesclnioto"-  l>c/iK  t;Iicli  W  racndt  run^  seinor- 
Leistting  nut  dor  drittcn  I'utenz  di-r  l  indrc- 
hungszahl.)     "  Oelmotor."    Vol.  2.  pp. 
77     III,  (Ki.  No.  isioj 

Large  Dicsei  Engines,  their  Fuels,  Constrae> 
Uon  and  Field  of  Application.  (Grossdicscl- 
motoren,  ihre  BrennstoHe,  Konstruktion  und 
Anwendungsgebietc.)  "  Z.  Ver.  D.  Ing." 
Vol.   57,   29.   pp.    1144-8.   III.   as.  6d. 

No.  S.I04 

Inlet  Valve  for  Tar-oil  Diesel  Engine  of 
Messrs.  Pauekseh  of  Landsberg.  Simon,  k. 
(Einlass\  fiitil  fur  I  terul-Dieseimaschincn 
der  I'"irma  I'aucksch,  Landsberg).  "  Dingier." 
Vol.  328,  30,  i>p.  4<j<>-9,   III,  28. 6d.   No.  82fis 

DIsMl  Engine  Cylindmr  Dinienilons.  " 

ncering."  \  ol.  94.  2491,  pp.  430-I.  111. 
i^-  No.  8266 

EMfhdn  of  a  Dioitl  Engine  Reeeiver  at 
Bray.  "  Mech.  Eng."  Vol.  ^2,  819.  pp. 
313  8.    111.    IS  No.  8267 

FUEL  AND  BOILER  FURNACES. 
The  Specific  Properties  and  the  DlfTerences 
Between  Uquid  and  Solid  Fuels  and  their 
Technical  Importance.  Aufhabuser, 
"^tabl  Eisen."  Vol.  33,  30,  pp.  1226-32. 
38.  No.  8268 


Liquid.  Solid,  ani  Chwoous  Fuels  for^Powor 
ProdoetlOB.  Bubstall,  F.  W.  "  Int. 
Comb.  Eng."  Vol.  3,  55,  pp.  629-jo.  is. 

No.  82t>9 

Utilisation  of  Heat  and  Saving  of  Coaliin 

Industrial  Boiler  Plants.  Eisenbach. 
Fkanz.  (Ein  HcitraK  ziir  W^meausnut- 
zun^  und  Kolilctur-sp.iniis \on  industriellen 
I'cucrungsanlaxcn.)  "  I  hland.  Spec.  Ed.  1." 
19,  pp.  44-0.  111.  (The  usual  teats  do  not 
show  the  real  value  of  a  furnace :  in  onder 
to  ^t  reliable  reanlta,  heating  teats  must  be 
earned  out  on  a  sdantific  basia.  as.  6d. 

No.  8270 

Economical  Limits  of  the  Gaslflcation  of 
Low-Grade  Fuels.  liARTSL.  "  Feuer- 
ungst."  Vol.  I,  20,  pp.  363-4.   2s.  od. 

No.  8271 

A  System  of  Burning  Produoor  Oas.  Gar- 
land. C.  M.  "  Iron  -Age."  Vol.  92,  13, 
PP-  y>v'>-  III-  (ihe  combustion  of  gases 
and  the  replacement  of  fuel  oil,  with  s])ecial 
reference  to  the  combustion  of  lean  ga.scs.) 
2s.  No.  8272 

The  Gasification  of  Solid  Fuels.  IIeym,  W. 
(Dr-  Wrua-sung  fester  Hremistolfe.)  "  Feuc- 
rungst."  Vol.  i.  20,  ]^>.  .h,  pp.  377-83. 

5s.  No.  8273 

Peat  Coking.  Wihtql,  a.  (Leber  l  orfvcr- 
kokung.)  "  Feueningstechn."  Vol.  1,  2{, 
pp.  409-12.   III.   2s.  6d.  No.  8274 

Tm  Proklom  of  Bnraliiff  PohroifMA  FmIi. 

Bl'.nnell,  S.  H.  "  Iron  Age."  Vol.  9a,  la, 
p.  618.  (I»romi>in!.;  results  of  powdered 
co.il  m  a  Ncrtical  str.uti  ixiilcr,)  is.  No,  8275 
Low-Temperature  Carboniiation  In  Vacuo. 
M.\Ksii.Mi.,  I'.  1)  ■■  Jl.  (".as  LiL,dit,"  Vol. 
124.  2(»3o.  j)p.  50-4.  (Its  relation  to  the 
pnHluction  of  .smokeless  fuel,  oils  and 
motor  spirit.)    is.  No.  8276 

The  Toennleai  Analysis  of  Coal.  Brownub. 
D.  "  JI.  Soc.  Dyer  Colour."  Vol.  aq,  10,  pp. 
292-7.    2S.  ■   No.  8277 

On  Fuel  Oils.  Consta.m  and  Schalepfer. 
(Leber  Treiboele.)  "  Z.  Ver.  D.  Ing." 
\'ol.  57,  5>S.  i.(Mg-<J3  ;    40,  pp.  i57()-So. 

(Properties  and  testiii).;  Ke.sult,s  of  test.s  1 
5s.  No.  H27.S 

The  Working  Fluid  of  Internal  Combustion 
IngllNI.  "Inst.  Mar.  Eng."  Vol.  25. 
201,  pp.  225-249.   28.  6d.  No.  8279 

GIOMiIiig  of  WL  IM.  SntOHM,   R.  T. 

"  Mech.  Eng."  VtA.  3a,  819.  pp.  318-20. 
III.    IS.  No.  8280 

Pumping  and  Heating  of  Oil  FueL  Strohm 

B.T.  "  .Me.  li.    ICuf,',"         Vol.  .^2.  8.M.  pj,. 

3(>i-       Ill      1  No  .sj>  I 

the  UUIisation  of  Heavy  Oils  (Tar,  Tar-Oil) 
in  Internal  Combustion  Engines.  Dre.\lek 
F,  (Zur  f  rage  der  Schweroel-,  Teer  und 
Teeroel,  Auanutaung  in  Verbrennungs- 
motoren.)  "  Oelmotor."  VoL  2,  4.  pp.  309- 
15.  III.  (Engine  makers  are  exhortcti  to 
a\ail  themselves  more  freely  of  the  ad\an- 
tams  to  lie  ilerived  from  the  stu(l\'  of  the 
I  1h  rnistr\'  <jf  fuels,  whii  ii  the  writer  maintains 
sliould  be  the  primarv  equipment  <)f  the 
motor  engineer.)      5.S.  o<l.  No.  8j82 

Ignition  Temperatorea,  Partteolarly  of  Fnata. 

Hour,  H.    (Ueber  Entauendungstempeia^ 
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pRiHi  aoviit. 

turcn  (Zucndpunkte)  bcsondcrs  von  Hrcnn- 
stoHcn.  "  Oclmotor."  Vol.  2.  ^.  pp  214-20. 
3s.  (kI.  \o.  Si 83 

For  Less  Smoke  in  Boiler  Operation.  "  Iron 
Age."  Vol.  92,  14,  p.  751.  (Why  co-opera- 
tion is  needed  in  standardizing  iristallations 
of  boilers.)  2s.  'No.  8284 

8ti4r  OB  Smoke  GMummfltoB. '  Bovbiim 
GviTLON.  A.  (Etude  snr  ta  fumivorit6.) 
"Rev,   Mvc  "    Vol.  IT  v-M 

(Historical  sur\e\'  :  mt'ans  for  the  consump- 
tion of  smoke,  descri|)ti<jii  ut  some  smoke 
consuming  furnacos  ;  coiu  lii-sioiis ,)  2s. 

Xi>.  8285 

The  Smoka  Problem  from  an  Economie 
>tu4pelnt.  "Text.  Inst.  Jl."  Vol.  4.  i. 
>.  63-83.  as.  Nu.  828O 

\  TlWfmowpa.  "  Power."   Vol.  58.  13, 

p.  428.  III.  (Instrument  for  ascertaining 
the(]uantity  of  CO5  in  the  waste ^ax  s  from  a 
boiler  furnace)      is,  NU,  S287 

Progress    in    Furnaces   for  Soiled  Fuels. 

I'R.VDFi.,  (I'nrtsclirittc  auf  <]vm  GtUivlv  cier 
Feucrungen  fuer  ieste  Brennstotic.)  "  Feue- 
mogat."   Vol.  a,  i,  pp.  9>t3.   III.   2s.  ul. 

No.  8288 

PMl  BooBoiitalaK  Appnaaooo.  "Mach. 

Mark."  1913.  674,  pp.  25.  III.  (East- 
wood's patent-tube  lining;  for  boiler  flues.) 
6d.  No  8289 

A  Water-Tube  Boiler  (or  Pulverised  Coal. 
"  Iron  .\;;e."  \"ol.  <».*.  1  ),  i>p.  710-11. 
111.  (A  promising  development  in  using 
atomised  fuel  for  steam  generation.)  2s. 

No.  8290 

Hollow  Grate  with  Intorlor  Water  Cooling. 

(Hohlrost  mit  Wasserinnenkiihiune).  "  Gla> 
ser,"   Vol.    73.    5,    pp.   93-4.    III.  (The 
Prometheus  hollow  grate  and  its  advantages 
over  air-tooled  b4^jlid  grates  arc  described.) 
2s   <hI.  No.  8291 

Automatic  Stokers  of  the  Thost  Type.  (Die 
Selbstatif^en  Kostbeschicker  l^uart  Thost). 
"  IJhland.  Spec.  Ed."  I.  9,  p.  47  0.  III. 
fl"wo  a]>paratus  are  described,  one  of  which 
crushes  tibe  fuel  before  the  cbairge.)   28.  6d. 

f  '  No.  8292 

H^nral  or  Artifleial  Draught  for  Stiam 
Plants?  Darth.  E.  (■Xatuerlicher  oder 
luenstlicher  Zu^  bei  Dampfanlajjc-n  •)  "  Z. 
Ver  I),  In^."  Vol.  17,  37,  pp,  i.455-(.3, 
111.     Js.  '>(!.  .\o.  8293 

Mechanical  Oil  Burnen  for  BoUors.  PE.\Booy 
E.  H.  "  Vulcan."  Vol.  10,  in,  pp.  58-61. 
4  fig.    IS.  No.  8294 

niTBRIIAt  COMBUSTION  ENGINES. 

Enclosed  Horizontal  Oil  Engines.  "  Engi- 
neering. '  \<)I.  94,  2491,  p.  428.  III.  (Con- 
8tructe<I  by  Messrs.  Petters.  Ltd..  Engi- 
neers, Yeovil.)  is.  No.  8295 
The  Oil  Engine  Industry  in  Italy.  Cbrio,  E. 
(Die  Motorenindustrie  in  Italien.)  "  Oel- 
motor."   Vol.  2. 4.  pp.  278-89.   111.    3s.  6d. 

8296 

Kgli  8poo<  Hsavy  on  Bngtmi.  "  Int.  Comb. 
Eng."  Vol.  3.  55.  pp.  624-8.  III.  (Dealinf? 
with  special  <le.sij;ns.)    IS.  No,  8297 

The  Westinghouse  Small  Horizontal  Gas 
Engine.  "  Int.  Comb.  Eng."  Vol.  j.  55, 
p.  532.   IS.  ,  No.  8298 


A  Portable  Engine.  "  Int.  Comb.  Khk  ' 
Vol.  3,  50.  p.  659.  (Particularly  suitable 
for  all  dasaea  of  agricultural  work  )  is. 

No.  8299 

RomoTing   Carbon   from   Gas  Engines. 

Anclaoa.  G.  A.  "  Iron  Age."  Vol.92,  12, 
pp.  616-7.  (Experiences  with  denatured 
alcoluil  for  cleaning  the  engine  tnterfor.)  2s« 

No.  8300 

Gasoline  Engine  Troubles  and  (hoir  Symp- 
toms. Hkknnan.  .\.  I,.  "  Power."  Vol. 
38.  I  ^.  pp.  432-4,     III,     IS  No  8301 

the  Direct  Reversing  of  Combustion  Engines. 
PoiiLMAN.N.  (Die  unmittelbare  I  insteiu- 
rung  der  Verbrenouneskraftmaschinen.) 
"Vahdlg.  Ver.  Befoeid.  Gewerbfl."  1913. 
7.  pp.  309-92.   III.   5s.  6d. 

No.  8302 

The  Gas  Turbine.  Ventoi -Dt  cLAi-x.  L. 
"  Cass.  En^  MIy."  Vol.  44.  4.  p(>.  215-29. 
IS.  -No.  8303 

The  Rockefeller  Sleeve  Valve  Engine.  "  .\iito- 

car  "     \  ol    ii,  (J  57,  ]i  Ill  (K(.[iorti'<l 

i  ntrv  of  the  Standard  Oil  Co.  into  motor 
nianulacturc.)    (k1.  No.  8304 

Two-Cjrdo  Motors.  Prabtokius  (Zweitakt- 
motoren.)   "  Motorwagen."  Vol.    16,  20. 

pp.    498-500.      111.      21,    pp.    521-8,    23  pp. 

5()7-7i.    (Description  of  diflerent  types),  fis. 

N'o,  8v'5 

The  Johnson  and  Smith  Four-Cylinder 
Engine.  "C  vckcar."  \ol.  2,  45.  pp  477. 
III.  (  Two  \  aK  es  under  each  vah  e  ca;i  and  a 
three  Iwarinj;  crankshaft.)  'ni.  N'  > 
The  New  9-10  H.v.  Fonr-Gyiindor  Blumfield 
Engine.  "Cydecar."  Vol.  2.  45,  pp.  476. 
lU.  6d.  No.  8307 

Cam  Doilgn  for  AntonoMlo  BBghMi.  Bowbr, 

G.  S.  "  Int  Comb  En;-  "  Vol.  3.  5^'.  PP- 
673.    III.    ( I  he   cliarattcristics  of  various 

profdes.)     IS.  Xo.  8308 

iDspoctlon  of  Gas  Engines.  Toukkv,  w.  .a. 
"  Gas  World."  Vol.  59,  1523,  pp.  380- 1 . 

No.  8309 

An  Energy  Chart  (or  Gas.  Morlxy,  T.  B. 
"  Engineering."  Vol.  94,  3492.  pp.  445. 
III.   IS.  No.  8310 

XirtomoUlo  Motor  InvosUgaHoas.  Strok- 

BBCK.  (I'ntersuchunRcn  an  Automobilmo- 
toren.)  "  Oclmotor."  \'oI.  2.  3.  p\i.  205- 
13.  (Thf  cont  hidini;  article  on  thi.v  suhieet 
deals  with  the  iru csti^jation  n\  1 1n  i  .vliaii>.t 
gases, the  mdicatin^^of  the  motors  theinvcs 
ogation  of  a  motor  witii  semi-sphencal 
compression  chamber  a  comparison  of  the 
motors  tested,  investigation  of  the  fuel,  Ac.) 

6c1.  No.  8311 

Test  of  Automobile  Engines.    '  Munic  Jl." 

(Twchc  hour  durahilitx'  lest  of  clr\  1  n  .lutn- 
mohile  piinif)ini;  en^jint-s  i)\  the  I  iitt  i  iiaiioiial 
.■\sNociatioii  ( 1!  !■  in- EiiiiiiH  i  r-.  >     is    .\o.  8<i2 

Testing  25.000  Motors  a  Year.  "  .Automo- 
bile." \'oI.  29.  14.  p.  594.  111.  (Conti- 
nental's new  testing  room  includes  ail 
modern  motor-testing  devices.  Silence  rooms 
addffl  )     IS  N'o.  8313 

The  Dorman  Two-Cylinder  Engine.  "  Motor 

C\clc."     \'oI.      II.     549.     pp.      1275.  111. 

(Single-piece  cylinder  casting;  y  B.ri.P.  at 
it3oo  r.p.m.)   6d.  No.  8314 
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Grapho^ynamleal  Test  of  an  Four-Cylinder 
Autoeir  Engine  with  Variable  Stroke  (Type 
Giil  &  Avellng.  England.)  Nekrkikk,  A. 
(GraphfKlynaniischc  I  ntersuchung  einer 
vierzylindrigen  FahrzcuR  maichine  mit  vcr&n- 
derlichein  Hube).  "  Motorwagen."  Vol.16, 
20,  21.  pp.  528-31  ;  pp.  301-5.  111.  fReaolta 
of  teat,  features  of  the  type  GiU  ft  Aveling, 
criticism  thereon.)    4s.  No.  8115 

"  Le  Rhone"  Motor.    Skekat/.  I  k  \Vm. 

(Der  Le  Klioru-  Motor.)  "  Motorwaijcn." 
Vol.  I'.,  i.  pp.  ^s^  iK  111.  (Nfakf  of  the 
Frincl)  (".niiriu-  .Motor  Company  ;  superior  to 
the  Gin. nil-  Motor.)    2S.  No.  83I6 

POWSB  PLANT. 
4Im4  RMord  for  Small  boUtad  FUnt. 
Johnson.  F,  L.  "  Power."  VoL  38,  14, 
pp.  45*)-8.  III.  (With  a  rate  of  2c.  per  kw, 
nr.  for  power  and  H  <•  for  lighting  from  the 
central  station  and  doing  its  own  heating,  the 
Ronton  Heel  t'o,  dei-idtxi  to  instal  a  75  kw. 
generating  .-.et.  With  coal  at  $v5o  jmt  ton 
it  macie  a  gross  annual  saving  of  27  j>er  cent, 
or  a  net  earning  on  the  investment  of  18  per 
lent.)     IS.  No.  8317 

TlM  "  Rmti "  Pomr  atattoa  of  the  MUten- 
fvild  RaOmif .  Rkindl.  C.      (Das  "  Rueta- 

Elektrizitaetsweck  "der  Mittenwalder  Bahn.) 
"  Z.  gcs,  Turbinenwes."  Vol.  10,  2(>,  pp. 
404-10.   lU.   87,  pp.  417-23.    III.  3s- 

.No.  8?i8 

Power  Plant  of  Chester  Valley  Electric  Co. 
Rogers.  W.  O.  "  Power."  Vol.  38,  15.  pp. 
490-2.  111.  (Example  of  a  small  central 
station,  carrying  a  mixed  electrical  road.) 
IS.  No.  8ji9 

TIM  flhMlar  Hydro-eleetrie  Plant  "EL 
Rev."   Vol.  73,  1873,  pp.610-22.    111.  IS. 

Extension  of  the  Great  Western  Power 
Company  in  California.  IIoMnRRi.KR.  H. 
(Krwuiterungsbauten  der  Great  Western 
Power  Company  in  Kalifronien.)  "  Z.  ges 
Turbinenw.'  Vol.  10,  20.  pp.  300-9.  111. 
38.  No.  838I 

The  Electricity  Works  of  the  Ltoter-Vallty. 

Treiher,  K.  (Das  Klektrizitactswerk  an 
der  Listertal.sperrc.)    "  Z.  Ges,  l  iirhinenw." 

Vol.  lo.  22.  i>p.  V<7-S.     2s.  No.  8322 

The  Power  Transmission  Plant  Lauch- 
hammer-Groedlti-Riesa.  (Die  Kraftue- 
bertragungsanlagc  Lauzhhamtner-Groeditz- 
Riesa.)    "  Z.  Ver.  D.  Ing."    Vol.  57,  31 

K.  i,2o5-tt.    III.    2S.  6d.  No.  8323 

nUedge  Hydroelectric  Power  Plant  "  Eng. 
Rec."  Vol,  (.s  12.  !>.  312.  III.  {.\n  ulti- 
mate tievi  li )t  irm  nt  of  ki.d'.o  11  P..  which 
will  supefhiile  .separate  steam  j)lants  used 
for  the  operation  of  coal  mines  at  Van- 
comer  Island.)  IS.  No.  8324 
Power  Transmlailon  Schemes  Trollhattan- 
Kopenliacen.  Jensrn.  J.  Johs.  (Kraft- 
ae  bertragungsprojckte  Trolui&ttan-Kopen- 
hagen.  "  ETZ."  Vol.  34.  39.  PP- 1."5-»7. 
(Power  consumption  at  Cnpcnnagen;  cost 
of  plant  and  working  of  power  trans- 
mission.) 3s.  6d.  No.  S{2.% 
Hydro-electric  Plant  of  300.000  H.P.  of 
Keokuk,  at  the  Mississippi  ((owa  U.S.). 
Calfas,    p.   (Uaine   hy^roelectrique,  do 


300,000  Chevaux,  de  ivcokuk.)  "  Gen. 
Civ."  \'ol.  03,  13,  pp.  245-8.  111.  (The 
plant  utili.scs  the  height  of  fall  of  <).75  m. 
caused  hv  a  dam  of  1.417  m.  length  ;  30 
turhipes  of  lo.ooo  H.P.  each  will  be  in- 
stalled, the  coats  smowiting  to  125,000,000 
frcs.).  as.  6d.  No.  6326 

Oil  IMor  Power  at  BnlMtnr 
posltttn.   Gradenwitz,  A.   "  Power.*  Vol. 
38.  12,  p.  3cjf..    111.     !v  No.  8327 

jPower  Works  Whylen  of  the  Power  Trans- 
mission Works  Rhelnfelden.  Prey, 
E.  Albreeht,  O.  (Das  Kraftwcrk  Wyhlcn 
der  KraftUbertragungswerke  Rheinfeldcn 
A  G  ).    "  ETZ."    Vol.  34.  37.  pp.  1.048  53. 

38,  pp.  1,087-90:  39.  pp.  1,108-12 :  40,  pp.  , 

I,i4i-j3.    14s,  No.  8328 

STEAM  ENGINES. 
A   Single   Cylinder  Oompmud  InilMt 

"  Power."   Vol.  38,  12,  fip.  4l3-4«  in< 

15.  No.  8329 
The  Unlflow  Cylinder  Adapted  to  LoMmo- 
blles.  Miller.  W.  H  "  Fl.  World."  Vol, 
t>2,  14,  pp.  'iSi)-(}i.  111.  (I 'tilization  at 
the  undirectional  stearntlow  sclienu-  for 
minimizing  c\'linder  condensation  in  self  con- 
tained units  using  .saturate«l  or  super- 
heated steam.)    IS.  No.  8310 

TlM  600  H.P.  SaperhMted  Steam  Compound 
LoeomoUlt  •!  tht  Lan  Typo.  (Die  nomtndl 
500  P.S.  Heissdampf  Bcrbund-Lokomobile 
Bauart  Lanz.)  "  Uhland.  Sjiec.  F.d."  11.. 
pp.  ,=)i-t  111.  (Pescription  of  stationarv" 
machine  which  is ^liovvn  at  the  exhibition  at 

Lcipzil,'.)      2>    i.'l  No.  H331 

800  B.H.P.  Compound  Condensing  Super- 
heated Sttam  Loeomobtle.   "  Engineoriag." 

Vol.  94,  2.492,  p.  455.    III.  IS. 

No,  feij32  • 

Tttp  Goar  tor  Operattng  tka  AdmlnlOB  Vahraa 
«(  Steam  Engines.   "Mech.  Eng."  Vol. 

3a.  8ic).  pii  v>s  o.    Ill     r.  No  S33J 

The  Drop-Valve  Engine  in  its  Moderm 
Development  "  Mech.  World."  \'ol,  54. 
^,39<».  P-  »>3-  J^"-  8334 

mku  TURBim. 

Contributions  to  the  Theory  of  Turbines  for 
Elastic  Driving  Means.  Baetz,  Konrad. 
(Erganzungen  zur  Theorie  der  Turbine  fiir 
elastische  Treibmittel.)  "  Uhland.  Spec. 
Ed."   II..   pp.   53-55-   IM-   28.  fid. 

No.  8335 

Raatat  DatalopmtBti  In  Cnrllt  ttaaii 

Unce.    Halliwkll.  R.  F.      Vulcan."  Vol. 

10.  112.  pp.  73-5.    9  (ig.    IS.        No.  8336 
The  LJungstrom  Turbine.   "  Fl.  Times." 
Vol.     44,     1,147.     pp.     349-5'>'      I"-  '"^l- 

No.  8337 

Exhaust  Steam  and  Two-stage  Turbines. 

RoRDER  K.  (Die  Abdampf-und  Zweidmck- 
turbinen.)    "  Z.  ges.  Turbinenw."   Vol.  10, 

16.  pp.  248-51.  III. :  17.  pp.  266-70.  III.  r 
18.  pp.  277-284.  ill.  G».  No.  8338 
The  Steam  Consumption  Of  Bdiaoft  Staan 
and  Two  Staf^e  Turbines  under  Various 
Working  Conditions.  Kokder,  K,  (Per 
Dampf%  erhr.iiK  li  der  .Abdampf-  und  Zwei- 
dnickturbinen  bcidcn  verschiedenenHctrieljs. 
verhadtnisw;.!.)   "Z.  Ver.  D.  Ing."  Vol 
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wman  mmnn. 

57.  27.  pp.  i,or.5-7(.  Ill        .  1.  '.  X,,  8j39 

The  Steam  FrieUon  of  Turbine  Wheels. 

Kerr,  W.    "  Medi.  Eng."   Vol.  32.  821 

p.  364.    IS.  N(i.  8  ]  }o 

The  Caleolation  of  Dlse  Wheels.  IIolzer. 
H.  (IMe  Berechnung  der  Scheibenraeder.) 
"Z.  ges.  Tailiinenives."  Vol.  lo.  s6,  pp. 
4014.   in.;  27,  pp.  484-7.   III.  58. 

No.  8341 

The  Development  of  Steam-Turbine  Build- 
ing and  Its  Present  State.  Schwarzwe- 
HiiR.  ()  (Die  EntwiLklung  ties  Danuil- 
turbinenbaues  und  seme  heutige  Lage.) 
■  Z.  ges.  Turbinenw."   Vol  10   19.  pp.  289- 


3.    111.  ;  20,  pp.  309'I3.    111. ;  21,  pp.  327 

111.     6s.  - 

WATER  TURBINES. 


A  Large  High-Speed  Water  TnrUne.  Taom A 

H.    (Kino    Kfosse  Schncllacufcrturbinc.) 
"  Z.  Vcr.  D.  Ing."    Vol.57.  28.  pji.  1 ,108-1 1 
111.     (Output  3.<"><>  H.P.).  2.S.  (hI.   No.  8343 

The  Blade  Surfaces  of  High-Pressure  Free- 
Jet  Turbines.  Hai'disch,  II.  (Dii-  Srh  ui- 
ieldaechen  der  Hoctidruclcfreistrahlturbinen .) 
"Z.  ges.  Turbinenw."  Vol.  10,  23,  pp. 
«53-7.   m.  2s.  No.  8344 

agooo  H.P.  TwiiM  «tth  SyooiMiispM 

BU4ai.  (Die  3.000  PS.  Luffelturbinc  dcs 
Amiwerks.)  "  Uhland.  Spec.  Ed."  II..  8, 
pp.  45-7.  111.  Height  of  fell,  <)oo  m., 
revj).in..  i>^o.\    2s.  N<»  f^M5 

MISCELLANEOUS. 
Absolute  Pressure  Thermometer.  l'HiLLit>s, 
W.  H.    "  Power."    Vol.  38.  12,  pp.  415. 
111.   (By  the  use  ol  a  special  thermometer 
one  is  enabled  to  read  the  temperature  of 


steam  in  degrees  I",  and  the  ;il).solute  pres- 
sure in  inclies  of  the  .saturated  steam  m  a 
turhiii'    <  vL  iiist  head  )     is.  No.  8346 

The  Venturi  Steam  Meter.  Kioiardson, 
c.  c;.  Power,"  Vol.  38,  15,  pp.  493-5. 
111.   IS.  No.  8347 

Mt»  Mnmitag  Davlew  far  Pnanrn  aai 

Veloelty  of  Oases  and  Vapoon.  Lubtkb. 

H.  (Neue  Messgeraete  fuer  Druck  und 
Geschwindigkcit  von  Gascn  und  Dacmpfcn.) 
"  Stahl  Eiaen."    Vol.  3^  32,  i>p.  i. 307-10. 

No.  8348 

Torsion  Dynamometer  with  Optieai  Reading 
Device.  \  ihwf.c,  \  .  ( I orsions-Dyna- 
mometer  mit  optischer  Ablcsevorichtung.) 
"  2.  Ver.  D.  Ing."  VoL  57,  31,  pp.  1,227- 

tlU.   2S.  6d.  No.  8349 

albak  Intfleator  ani  Boattehar  BflieleBey 

Indicator.  "  Power."  Vol.  38,  13.  p.  427. 
111.  (De>jKne:l  to  be  used  es]H-<i.ilI\-  with 
uas  and  1  )iesel  oil  engine.)  i>  \i  '  ;5<» 
Accuracy  of  Results  of  Braking  Tests  with 
Air  Brakes.  Katzmeyer.  Kkiiaki).  (I  flK-r 
die  Gemmigkeit  der  Bremsergebnisse  bei 
Verwendung  von  WindflUgelbremsen.) 
"  Motorwagen."  VoL  i6,  ai.  pp.  517-19. 
111.  (The  air  brains  solve  two  problems: 
they  load  the  engine  and  permit  of  a 
measurement  of  the  developed  moment  of 
torsion.  I'he  author  shows  that  this  cla&S 
of  braking  (!(\itcs  is  ecjunalent  to  any 
<ttlier  braking  de\n  i  so  far  as  accuracy  of 
measurement  is  conccnietl.)  2s.  No.  8351 
A  Torsion  Meter  with  Wsible  Scale.  Svyb- 
KIRO,  K.  "  Engineering."  Vol.  92,  2,492 
p.  459-    111 .   IS.  No.  8352 


IV.— Tools  and  Machine  Tools. 


OBRBBAL. 

Ghent  Exhibition.  "  Page's  Wly. "  \  oi  23, 
475.  509-20.  Hi.  (.Machine  tools  and 
other  (ihiects  of  Interest  in  the  British 
section.)     IS.  Nf).  8353 

Small  Tools.  The  Basis  of  Economic  Mahu« 
faetulBg.  Kaup.  w.  J,  "  El.  Ji.  •  Vol. 
10, 9,  pp.  868-74.    I8.6d.  No.  8334 

Strains  In  Materials  and  Their  UtfavwnaNa 
Inflaenee  on  Bxaet  Machining.   Kuyn.  P. 

(Materialsparmunf,'eri  und  deren  un;^ueiistiL.;c 
EintUie.sse  auf  genauc  -Ma-schinenarbeiten.) 
"  Werkstattstechn."  VoL  7,  17,  pp.  5-5  *' 
111.    -'s.  (><L  No.  8555 

ACCIDENTS  AND  GUARDS. 
Preventing  Accidents  from  Machines.  Knee- 
lAND.  F.  H.  "  Coal  .\ge."  Vol.  4.  14. 
pp.  480-3.  111.  (Descriptions  and  illus- 
trations of  some  safety  devices  which  have 
proved  their  merits  in  actual  use  at  power 
plants,  sub-stations  and  shops  )  is.  No.  8350 

BORING. 

Boring  Bars  and  Boring  Heads.  Haas, 
L.  L.    "  Am.  Machinist."    Vol.  39,  XI.,  pp. 

SS-8.  38  fig.  (A  large  variety  of  bonng 
<ra  and  boring  heads,  together  with  dimen- 
sions, methods  of  holding  blades  and 
materials.)      is.  No.  8357 

Some  Data  Concerning  the  Rational  Utilisa- 
tion of  Boring  Machines.  Haase.  Karl. 
<£inige  Beitrage  snr  sationetlen  Ansnutzung 


der  Bohrmaschinen.)  "  Uhland.  Spec.  Ed." 
i9n.  T.<;,  pp.  171-3.   2S.  Cd.        No.  6358 
CUTTING. 

Special  Types  of  Cold-Saws  iSyslem  Gustav 
Wagner  Reutllngeni  for  Railway  Material. 
Ml'LLBR,  Eduaki).  (Soiiderausfiihrungen  von 
Kaltsage  naschioeo  System  Gustav  VVagner 
Reutlingen)  fOr  Bahn  Material.)  "  Glaser." 
Vol.  73.  4,  pp-  71-74-  (Description  of  the 
ooM-saw  :  s]K'eial  tx'pes  for  cutting  rails.) 
2s.  (k1.  No.  8359 

DESIGN  OFIMACHINE  TOOLS. 
Experimental  and  Theoretical  Researches  on 
GompraiMd  Air  Tools.  Groedel,  H. 
(Expeiimentelic  und  theoretische  Unter- 
suehungen  an  Prcssluftwerkceugen.)  "  Z. 
Ver.  D.  Ing."  Vol.  57,  30.  pp.  11 85-8.  IIL 
2s.   <k1.  No.  8360 

Adjustable  Fixture  lor  Holding  Irregiilar 
Shaped  Work.    "  Machinery."    Vol.  20,  2, 


P 


111.  2S. 


No.  830 1 


Application  of  Electromagnetic  Tripping 
Devlees.  .Meyncke.  G.  M.  "  Machinery." 
Vol.  20,  2,  pp.  88-90.  111.  (Mechanisms 
which  {veveat  damaging  madiines  or  pro- 
ducing defective  work.)  2S.  No.  8362 
Experiences  in  the  Design  of  Chucks  and 
their  Application.  Knesing,  A.  (Erfah- 
runi;(ii  im  Vorriclitungsbau  und  tieren 
.\nwendung.)  "  Werkstattstechn."  \'ol. 
7.  15.  pp.  483-5.    111.    29.  6d.       No.  8363 


Digitized  by  Google 


CASSIER*S  EMGINBBRIMG  AfiSTBACTS 


xl 


TOOU  AID  HAOniB  TOOU. 
The  Dadgn  of  Heavy  Doty  Forging  Maehin- 
ery.    "  Iron  Tr.  Kcv."    Vol.  5J,  14.  PP- 
6   fig.    2».   6d.  No.  8364 

OBILUMG. 
A  Jlr  for  Mning  Deep  Holoi  in  BMttM. 

Allen.  M.  H.  P.   Vol.  39.  «a,  pp.  489-90- 

7  fig.    13.  No.  8365 

Some  Drilling  Operations  on  Gasoline  Engines. 

"  Am.  Machinist."    \'f>l   ^o.  XI..  pp  .j-JS-S- 

I.  !   tl,!,'.      IS.  \n    S  {«>0 

Pneumatie  Feed  Air  DriUing  Machine. 
Hbnkv.  N.  B.    "  Am.  Machinist."  Vol. 

£,  la,  np,  469-70.  I  fig.  la.  No.  83<^7 
npamoB  of  Vufoos  Typw  9t  Radial 

Drills.  Brzoska.  (Vergleichende  Be- 
trachtungcn  vcrschicdencr  Formen  von 
Radialbohrmoschinen.)  "  Z.  Wcrkzeug- 
masch."  Vol.  17.  ^5.  pp.  527-^2.  III.  2s. 
6<i.  "  ■      "     Xo.  8308 

Attaehmenta  for  Sensitive  Drilling  Maeliine 
TaHM.  Horner,  F.  "  Mech.  World."  Vol. 
54.  1397.  P-  »70-    <xl.  No.  83f>9 

Impravai  6  ft  Radial  DiOlliii  Machine. 

"  Iron  Age."  Vol.  92,  14,  p  703.  HI. 
28.  No.  8370 

Sensitive  Drilling  Machine  with  Bali-Bear- 
ings.   "  Knj^iiiocnn^.      \  ol.   04,    24<^i.  p. 

<  111  (Constructed  by  .Mcs-srs.  \.  A. 
Jones  and  Shipman,  Ltd.,  Engineers,  Leices- 
ter.)    la.  No.  8371 

DRIVING  OF  MACHINE  TOOLS. 

Eleetricity  in  Automobile  Manufacturing. 

"  KIcctr.  Kcv.  Chic."    Vol.  5  ^.  13.  pp.  '>o7- 

II.  111.  (The  conditions  rrL^ardin^;  tlio 
appluation  of  motor  aii.l  ii-ntr.il 
station  j>o\vcr  to  j>lants  nianuiacturing 
aiitimi<>l)ik'  botlics.)     is.  ^d.  .\o.  ^^72 

Flywheel*  of  Blootiieally-drivon  HaehinB 
Toob.  Von   Schroct,   Paul.  (Schwan- 

grader  von  elcktrisch  bctricbtnen  Arbeits- 
maschincn.)  "  I'hland.  Spec.  Ed."  V.,  9. 
jiji.  3-'>.     111.     2s.  '.(1.  No.  8373 

FORGING  AMD  PUNCHING. 
A         Heavy  Pattarn  foiglng  liaelriin. 

"  Xzoo  Age."  Vol.  9a,  14.  p.  709.  lU. 
as.  No.  8374 

Speelal  Punching  and  Turning  OpenrttoM. 

COLVIN,  F.  il  "  All)  .Machinist."  Vol. 
39,  12,  i>\>.  .477  1''  lit,'     (Concrete  j|;al- 

lery  for  dies  anil  otiu  i  tools,  the  jMinrhinf^  of 
malleable  iron  ciistin^s  ami  dnij)  l()rgin;;s  and 
the   lixtures   for  holding   them,   etc.)  is. 

No.  S375 

Maehlna  ForglAi,  Hamilton,  D.  T. 
"  Machinery."  Vol.  ao,  a,  pp.  91-4.  III. 
(Dies  and  methods  employed  in  the  forming, 

welding   antl    upsetting   of   machine  and 

engine   parts.)    2s.  Nn  •^{70 

Modern  Methods  for  Producting  a  Uniform 
and  Straight  Edge  on  Drawn  Articles. 
Stock,  K.  (Moderne  .XrbLitswiistn,  den 
Rand  bei  gezogenen  I'eilen  gleichmaessig 
und  gerade  beraustcilen.)  "  Werkstatt- 
etechn."   Vol.  7, 17,  pp.  521-3.   III.  as.6d. 

No.  8377 

CiAUGES  AND  MEASURING  DEVICB8. 

Toledo  Centre  Finder.  "  Ptmer."  Vol.  38, 
I3«  PP>  4H'5-  No.  8378 

Tfet  nma  «f  Jfolatad  flalipen.  Hormbk.  P. 


"Mech.  World."  Vol.  54.  "395.  P- 1**''  ^^ 
6d.  No.  8379 

On  the  Measurement  and  the  AeeuMf  ft 
Screw   Threads.   Simon,    E.    (Leber  das 

MesM  ti  mid  die  Genauigkcit  von  Gew*inden.) 


Werkstatttttcchn."    Vol.  7,  17,  pp.  515-20. 

111.    7S-  'x;!- 
No.  8^8o 


>«.   551-a.   «9-  pp.  580-3. 


Disk  and  Sqoait  Malhad  far  Determining 
Aiifii»F  Settinn.  Gardner.  G.  H. 
" ISwhinery."   Vol.  ao,  a,  p.  128.    lU,  as. 

No.  8381 

GRINDING. 
A  Single  Device  for  Re-Grinding  Crank- 
ShafU    on    the    Lathe.     (ionuF.i.v,  K. 
(Einfacher     .\i>]>arat     /mn     N  .iri.s,  lileifen 
von  KurbeiwellenaufdenDrchbank.J  Werk- 


stattstedin." 
as.  6d 


OfA.  7,  17.  pp.  520 


III. 


No.  8383 

A  Horiioalal  Sniteaa  GtladlBf  MaaUba. 

"  Iron   Age."    Vol.  9*.   13.  P- 

(New    I'ratt  and   Whitney   machine  for 

>urfact  s  it)  ilittercnt  |)lanes.)  2s.  No.  8383 
A  Heavy    Duty    Face-Grinding  Machine. 

•  Iron  .Xge.  ■  \  ol.  02,  n.  yp.  '■'■1-2  III. 
(Increasetl  eapantv  and  protective  guards 
among  the  notable  features.)  2s.  No.S 

Ozliiding' Wheals,  Grinding  Machines  and 
OllBilllg.    Morgan.  K.  D.  '  Page's  Wly.' 
Vol.  23,  473.  pp.  444-6.    lU.    IS.  No.  8385 
LATHES. 

Car  Axle  Turner.  Markel,  C  "  Kailw. 
Locom.    luig."  i>i).  .<4'»-.5-J- 

111.    2S.  N"  '^i'""'' 

Work  Holding  ^  Ari>ors  and  Methods  for 
TnoUtg Operations.  "  Machinery."  Vol.  20, 
2.  pp.  81-7.  111.  (A  typical  collection  of 
devices  especially  designed  for  holding  work 

in  the  Fav  automatic  lathe.)  28.  No.  8387 
Modern  High  Speed  Lathe.  Becker,  K. 
(.Moderne  Schnelldrehbank.)  "  I'hiand. 
Spec.  Ed."  19,  pp.  207-10.  III.  (A  new 
headstock  of  a  ciennan  high-speed  lathe  is 
described.)    2s.  <»d.  No.  8388 

14-in.  Swing  "  Apollo  **  Combination  Tarret 
Lathe.  "  £ngineering."-AVol.  94>  2.493 
p.  494.    m.    IS.  No.  8389 

Twin  Lathe  for  Machining  Coeks.   Cohn,  E. 
(Doppeldrehbank    zur    Bearbeitung  ^von 
Haehnen  )    "  Z.  Ver.  D.  Ing."_Vol.  57,  39. 
pp.  1, 540  8.    III.    2S.  ()d.  No.  8390 

MILLING. 

The  Maw  Vartlaal  MlUIng  Machine,  built  by 
1.  B.  Rtfneeker  A.O.  la  Ghamnitx-Gablani. 

Nickel,  F.  (Die  neue  Senkrecbt-Fraes- 
inaschine  von  J.  E.  Reinecker^A.C.  Chem- 
nitz-Gabh  ii/  ;  '  Z.  Ver.  D.  Ing."  Vol.  57, 
iO.  pp.  1 ,4(><)  14.  III.  2s.  od.  No.  8391 
Standardising  of  High  Power  Milling  Ma- 
chines. Kelle.  (Normaliendurchfuehrung 
an  Hockleistungsfracsmaschinen.)  '  Werk- 
sUttstechn."  Vol.  7,  18,  pp.  547-51-  HI- 
as.  6d.  No.  839a 

An  Italian  MUUng  Machine.  Hoaner.  J. 
"  Machinery."  vol.  20.  2.  pp.  107-8.  III. 
(.\  machine  in  which  both  speed  anil  feed 
rli,uii;es  arc  deri\eil  fruni  the  sani'-  L;ear  box.) 

Fixture  lor  Universal  MUUng  Machines  for 
Wwkinc  ky  tha  HaHeoidal  H«tko«.  CVor- 
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DRAWING  PRESS 

PRODUCES  SEAMLESS^ 
PRESSWORK  FROM 
5MEET  METAL. 
STEEL, TIN  PLATE, 
GERMAN  SILVER. 
BRASS,&  ALUMINIUM . 


CTC.  LARGEST  CUP  DEEPE6TCUP 


Taylor  ^.Challen  Ip 

EMCINEERS  BIRMINCMAM 
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Toou  AID  HAann  nou, 

richtung  an  rtnviTsal-Frri.siMas;hirii.n  fiirdas 
Ahwalzvfrtahrcn.l  "■  rhlan<l  Sjkh-.  Eel." 
iQ'.l.  13.  p.  174      111     -s.  ih\.  Nu 

Mlliing  Maehlnes  for  Switch  Blades.  Froske 
(Frasmaschine  furWeichenzungen.)"Orgaii." 
Vol.  50.  18.  pp.  326-29.   111.   38.  6d. 

No,  8395 

Dm  Helios  Slottlnf  Maelilit.  (Die  Helkw 
Stossmaschine.)     "  Uhland."    vol.  46.  18. 

viSssEs  '  ^*  **** 

Qkleulatlon  and  Design  of  Screw  Presses. 
OBLscHL.\<i]-R,  Jri.its.  (lierechnung  und 
Konstriiktion  von  Spindelpreesen.)  "  Uh- 
land." Vol.  40.  ij,  pp.  189.90.  111. ;  18, 
pp.  201-2.    111.    zs.  (xi.  No.  8397 

FMMd  Haul  Goods.  AOLSR.  F.  (Metall- 
Pressteile.)  "  Z.  Ver.  D.  log."  Vol.  57.  .?5. 
PP-  I  .^77-89.  111.  (Machinery  and  manu- 
facture.) 25.  6d.  No.  (i\qH 
Setting  Up  Press  Tools.  Stevens,  F.  G 
"  Mcch  World."  Vol.  54,  I.J97,  p.  170. 
''<l  No.  8399 
RIVETTINO. 
■•etrio  UvotlBf.  "  Boiler  Maker."  Vol. 
13.  9.  pp.  304.5.  ID.  IS.  No.  8400 
BmMo  PfoAtliiguMIHiiK   ind-  Illvotttiig 

Maehlnes.  SpROKCKf-,  Rolf?  (Klektrische 
Pendelbohr  und  .\ietmaschincn.)  "  I'h- 
land  Spec.  Ed."   17.  pp.  183-8.   III.  2s  (kI. 

Xo.  .S4()l 

SCREW  CUTTING. 
Setting  Up  and  Operating  Automatic  Screw 
MaehlMS.  Hamilton,  D.  T.  "  Machinery." 
Vol.  20,  2.  pp.  129-34.  111.  (AppUcatton 
to  the  "  Acme  "  multiple-.^ipindie  automatic 
screw  machine.)    2s.  .Vo.  8402 

Automatfe  Finishing  of  Screw  Nuts.   I  sche- 

RNTSCMIT^CH.  J  I  .\iif<tm;itisrlu'  Fassonie- 
rung  von  bc'hraul>cnmuttern.)  '  .Mt  tall- 
ind."    Vol.  5.  19,  pp.  4-6.    III.    I^  vl 

\().  <S4in 

Tests  of  Dividing  Head  Worms.  Strai  ss. 
W.  O.  "  Am.  Machinist."  Vol.  39,  XL, 
pp«  421-3.  3  fig.  (A  series  of  teststodeter- 
nuaeHie  best  jnaterials ;  three  grades  of  steel 
were  tested,  the  analysis  of  each  is  given. 

and  thi>  wear  nn  each  thrc.ul  is  noted  after 

beint;  f.;i\en   the  stn-nuotis  tc^t  1  is. 

\  K  84..4 

Stress  Curves  for  Bolt  Diameters.  Da.mels. 
A.  M.  ■  \m.  Machinist."  Vol.  i'i.  12. 
pp.  475-G.    IS.  No.  8405 

SHOPS. 

Partitions  for  Factories  and  Industrial 
Buildings.  I  VRREi-L,  H.  G.  "  Enfjin. 
Magaz."  (N'.V).  Vol.  4(>.  i.  pp.  5!-''2. 
,U  fiK.  (Framed  partitions  in  which  nu-tal. 
or  more  rarely  wood,  takes  the  principal 
place.)    25.  No.  840b 

SPBOIAL  TOOLS. 
Boffol  Oiv  Cittfiff  HadiliNi  ntfhmit  Cboek. 
Galassini,  A.  (Kegelraedenichneidma.s- 
cliinen   ohnc   Srhahlone.)         '  Werk^t.itts- 
tcchn."  7    I'H,  j)p.  5'Mi  ^,    III  ;  i<) 

580-00    111  N    -  ( 

Hanulaeturing  Bevel  Gears  for  Automobiles. 
RarsON.  T.  ■  int.  Comb.  Eng."  Vol.  j. 
35.  p.  ^i5-    111-    IS.  No.  8408 

SpNtal  AMMiMt  In  Auto   SmaU  hi|ti 


CoLviN,  F.  H.  "  .\m.  Machini.st."  Vol.  ^o. 
XI.,  pp.  4.49-4.?.  II  tig.  (Cutting  of  in- 
ternal gears ;  how  awkward  i)ieces  are  held 
in  the  lathe  ;  the  use  of  a  counter  on  a  turret 
slide,  punching  the  steering  column  base, 
etc.)    ts.  No.  8409 

PlnalBg  Shoos  Mid  Wo^si.  Dickbrt.  C.  L. 
"  Railway  Age  Gaz.  Mech.  Ed."  Vol.  87. 
10.  jtp.  ,s  ?7-8.  f>  fig.  I.S.  (td.  So.  6410 
Making  Large  Guns  and  Projectiles.  "  Am. 
.M.K  liinisf  "  \  \g,  12,  pp.  4<>7-g.  5  fig. 
(Latlu's  contincil  to  the  making  of  coast 
defence  and  similar  guns;  description  of 
the  largest  lathe  yet  built,  which  will  swing 
a  forging  102  in.  in  diameter  and  73  ft.  long.) 
IS.  No.  841 1 

IMilaos  and  Tools  for  Qoaekenbush  Rifles. 
ViALL.  E.  "  Am.  Machinist."  Vol.  jg,  12, 
p  1^  5  7  i>>  tig.  (.\  special  six-spindle 
rule  li.irrel  (inllinf^  machine;  testing  the  Iwrc 
tooK  for  nKikini;  .small  bra.s.s  packing  rings, 
forming  frame  lx>s8es.  etc.)    is.      No.  8412 

TOOLS  ARD  TOOL  STEEL. 

Modern  Tool  Steeh  and  High-Speed  Too! 

Alloys.  .\rmmr(jng,  G.  S.  "  Engin. 
Magaz."  (X.V.).  Vol.  46.  1.  pp.  <>yj(,. 
i.{  tig.  (Manufacture  and  mechanical  treat- 
ment, applications  of  tool  steel,  and  the 
grades  and  tempers  of  alloy  and  carljon  steel 
suited  for  various  purposes.)  28.  No.  .S4i  { 
The  Testing  of  Machine  Tools.  Langner.  K. 
(Das  Prucfen  von  Werkzcugmaschinen.) 
•  Z  Oest.  Ing.  Arch.  V."  Vol.  05  30. 
p[i   t''.')-'^  No  **4i4 

Progress  of  German  Steel  Works  In  the 
Manufacture  of  Alloyed  High-Speed  Tool- 
Steels.  ScHLEsiNi.ER.  G.  (Die  I' ort.schritto 
dcutschcr  StalUwerke  bei  der  Uerstellune 
hochlegierter  Schnellarbeitastaehle.)  "  StaM. 
i:isf>n."  Vol.  33,  23.  pp.  02q-.?Q.  111.*,  29, 
PP  1  igf^)-! ,204  ;  <2,  pp.  i.3i<>-25.  (Discus- 
sion (il  f;i\<iurablo  influence  of  cobalt  on  the 
output  and  life  of  tool  steels.)  os.  Xo.  8415 
HaUlls  Twisted  Steel  Bits  for  Wood  Works. 
ViALL.  E.  "  .\m.  Machinist."  Vol.  39,  Xi., 
pp.  429-34  jQ  fig.  (The  use  ot  frictkm 
dislcs  for  the  removal  of  superfluous  metal 
and  forming  the  threads  on  leader  screws.) 
IS.  No.  8416 

Oomot  Oatttnr  Ang^  for  High-Speod 

Steel  Tools.  "  .Mech  World."  Vol  54, 
1,398  pp.  182-3.     III.    ^k1.  Xo.  8417 

Resistance  of  Steel  to  Wear  In  Relation  to 
Hardness  and  Strength.   "  .Machinerv."  Vol. 

20.  2,  pp.  log-io.     111.     2s.  .\o.  841 S 

Hotel  Tools  Mado  of  Stool-Tool  Holdon  wiUt 
Sinin  Plooos  of  Saooial  Stool  Wiliod  or 

Soldind  on.  (Metallbearbeitungswerkzeuge 
aus  Stahlliaitern  mit  aufgeldteten  oder 
aofgeschweissten  PlAttchen  aus  Spezialstahl. 
■"  ITiland  Spec.  Ed."  1913.  15.  pp.  173-4- 
111.  (Waste  faeces  can  be  employed.) 
2s.  (>d.  No.  8419 

WELDING. 

Repairing   Cast-Iron    Pump   Cylinders  by 
AutO|eneoas  Welding.       (Keparatur  eines 
gusseisemen  Pumpenzylinders  mittelst  auto- 
gener  Schweissong.)    "  Uhland."   Vol.  4b, 
30,  pp.  99-foo.   111.   2S.  6d.        No.  8420 
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SOUTH    EASTERN    AND   CHATHAM  RAILWAY. 

ROYAL  MAIL  AND  SHORT  SEA  ROUTES, 

Vim 

Dover  |  Folkestone  I  Dover  Queenboro  '  Folkestone 
Calais  |  Boulogrie  |  Ostend  ,  Flushing  j  Flushing 


NORTHERN  RAILWAY  OF  FRANCE 


-AND 


SOUTH  EASTERN  &  CHATHAM  RAILWAYS. 


FREQUENT  &  RAPID  COMMUNICATION  BETWEEN  LONDON  PARIS. 
H  O  R  T  E  S  X      SEA  PASSAO 


(ONLY    ABOUT    SIXTY  MINUTES). 


FIVE  QUICK 


SERVIOes  DAILY,  as  under:— 

VU    DOVER    AND  CALAIS, 

Depart  from  London.  Arrival  in  Pari* 

f'g.oa.ni.  /  For  PARIS  only  . .    4  4}  p  m 


(Charing  C.  Statn.)  I  For  Inter.  Slalioo*  6.16  p.m. 
t  II. o  a.m.  (roro  Victoria  Station  6.;np.m. 
J    9.0  p.m.  Charing    C.    Station  j.joa.ra. 


Depart  from  Paris.  Arrival  in  London. 

V  9.50  a.m.  for  Calais  only  5.1  J  p.m.  {  ^|"i['o*„*'' 
t*  II  noon   7.10p.m.  Victoiia  Statn 


{    9.20  p.m. 


Via   FOLKESTONE    AND  BOULOGNE. 


t' 
t 


Arrival  in  Paris. 
I  }.}o  p.m. 

1:1  ?:m:  f'-"  Cbaring  C.  station  .^-JP-; 
4.30  p.m. '  '  n.ij  p.m. 


Depart  from  London 
t    to.o  a.m.  I 


Depart  from  Parli 

I  S.2i  a.m.  Inter  Statns, 
t    Z-30  p.m. 


t*  4.0  p.m.for  Boulogne  only  P 
12.30  a.m. 


3.43  a.m.  Charing  Cros«. 

Arrival  in  London. 

P  "  )  Charing 
CroM 
Station. 


I  10. ij  a.m. 


T  1*1  and  2nd  Class  only.  {  ist,  and,  and  3rd  Class.  *  Restaurant  Car  between  Paris  and  Calais,  or  Boulogne* 

and  vice  versa. 

First-class  Hotel  and  Restaurant  at  the  Gare  du  Nord,  Paris,  TeleKrapbic  Address  "  Nordotel,  Paris," 
and  Calais  Maritime  Station.     Luncheon  Baskets  obtained  at  fixed  price*. 
The  2.20  departure  from  Charing  Cross  is  the  fastest  coDiiection  between  London  and  Bale  for  Switzerland 

and  Italy,  via  the  Gotbard  Route.    Through  Corridor  Trains  and  Restaurant  and  Sleeping  Cars. 
For  full  particulars  of  fare».  services,  etc.,  apply  to  any  ol  the  S.E.  A  C.R.  Co.'s  London  Terminal  Stations. 
This  service  run*  only  on  week  day-,  up  to  October  31st. 
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TOOU  AID  MAttHtn  TOOU. 

USCELLANEOUS. 
Automatic  Tapping  and  Reaminf  MMhlot. 

"  Iron  Al;i-  "  \'<)l.  (H.  12.  jip  '")<--7.  III. 
(HikI'j  iii"<)<]uctinn  inarhini-  for  hmshinj^  vaK'o 
bodits,  rr'tiir.-i  l.ifniN,  2s.       No.  8421 

laapecUon  Tests  for  CiaeinnatI  Oe«r-CatUnc 
^fltfl'l'f  "  Machinery."  Vol.  20,  2.  pp. 
9fhioi.  111.  (Methods'  of  testing  ali^* 
ment  of  diffaent  parts  while  gear-cutting 
aMchineMre  being  assembled.)  2s.  No.  8422 
MnUH  BMOag  for  Engineering  PurpoMi. 


ScHULz,  W.  (Eielctrische  Heizung  im  Ma- 
.schinenbau.)  "  Z.  Ver.  D.  Ing."  Vol.  57. 
2S.  ])]).  T.tM^i-i.ioi.  111.  (Dcsrnption  of 
industrial  (lr\  ices  for  heating;  air.  Iiquid.s, 
iVc.)     2s.  (k1.  No.  842 } 

Points  and  Broaeh  Making.  Jones,  f.  D. 
"  Maduneiy."  Vol.   so.  «.  pp.  97  '^  lU. 

2M,  No.  8434 

■mUm  VUm,  Bbntlby.  H.  " 
Wly."  Vol.  23,  473.  pp.  438^ 


Piage'f 

III.  18 

No.  8425 


v.— Materials  and  Testing  off  IMaterlais. 


METALLOGRAPHY. 
Mieo-Structure   of   Crude   and  Malleable 

Iron.  i!^RUREicH,  F.  (Klcingefucgc  dcs 
Roheisens  und  des  Schmicdbaren  Eisens.) 
"  Giesserei  Z."  Vol.  10.  18.  p.  5M-5.  111. 
X9,  pp.  603-6.    58.  No.  8420 

■kfOMMto  BxanlBAtton  of  Metals  bj 
Wmm  of  PolMlNi  UgU*  Hanbmann  and 
Endeli..  (Ueber  die  milooskopiache  Untor- 
suchung  von  Metallen  mittels  polarisierten 
Lichtcs.)  "  StahMseii."  Vol.  ^^.  4".  PP 
1,644-6.    111.    39.  No.  8427 

Structure  of  Mild  Steel.  .Martens.  (Gcfiige 
des  Flusst  i.sen.s.)  "  Organ."  1913,  I4,  pp. 
2S(>-58.    111.      {s.  rd.  No.  8428 

STRENGTH  OF  MATERIALS. 
InOuenee  of  Boring  on  the  RasistuiM  ol 
Mild  StMls.  B1SAULT4  C.  (Influence  du 
percage  sur  la  resistance  des  aders  doux.) 
^' Gi^n.  Civ  "  Vol  63,  12.  pp.  230^2.  III. 
(The  result  of  a  series  of  tests,  which  is  given 
in  this  article,  shows  that  the  holes  drilled 
through  the  testing  bars  weaken  the  bars 


in|  a  niiirl 
assumed 
Ob  tke 


less  degree  tb«n 
2S.  Od. 

MUtag  to 


is  generally 
No.  8429 


with  Sharp  and  Round  E^dgee.    Bach.  C. 

(Zur   IJeanspruchiinv;   von  Maschinenteilen 
nut  scharfen  oder  ausgcrundeten  Eclcen.) 
•  Z.  \'er.  D.  Ing."    Vol.  57.  40,  pp.  15.94-5- 
III.    2H.  f>d.  No.  8430 

TESTING  MACHINES. 

The  1.000  Ton  Material  Testing  Machine. 
Type  Emery,  of  the  Bureau  of  Standards, 
WMh.  KuRREiN.M.  (Die  i.ooo.t-Material 
pruefmaachine.  Bauart  Emery,  des  Bureau 
of  Standards  in  Washington.)  "  Z.  Ver.  D. 
Ing."  VoL  57,  29.  pp.  1,225-32.  11! 
2a.  6d.  No.  8431 

8,800  Ton  Testing  Maehlne  at  BerUn. 
Eng.  News."    Ct>l.  70,  12,  pp.  537.  111. 

No.  843s 
TESTING  OF  MATERIALS. 

OoBtrlbittfsn  to  tba  Testing  of  Oast  Iron. 

JuFNOsT.  C.  (Bcitrag  zur  Untersuchiing  des 
Gusseisens.)      "  Stahl  Fi.sen."    Vol.  33.  35. 

Experiments  with  Thirty  Boiler  Plates  with 
Craelcs.  Um  ms^s.  li.  (Dreissig  Kessei- 
biechc  mit  Rissbiidung.)  "  Stahleisen." 
Vol.  33*3«.  PP-  '.554-<i>.   lU-   3»'  No.  8434 


2S. 


VI.— Lifting  and  Convoying  Macliines. 


GENERAL. 
Tfeo  MeelwnlMa  Handllag  of  Clay  «a«  Its 
Ifadsliod  -Prodvsts.    "  Brick  Pbtt.  Tr.  JI." 

Vol.  21,  10,  pp.  ^07-8.  IS.  <>1.  No.  8435 
Coal  Unloading  Machines  at  Fort  William 
Ont.  Williams,  K.  D.  "  Iron  Tr.  Kcv  " 
VoL  5<.  14.  pp.  578-80.  (First  application 
of  tlu  Hulett  unloiwler  to  tlie  prohlein  of 
dtscliaii^ing  coal  cargoeii  from  ve^cis.) 
2S.  <k1.  No.  8436 

OONVKYOBS. 
OomMmtf  Pnomstto  OoBfSftff  RmI.  Hbr- 

zoc.  A.  (Kombinierte  pneumatiaeheTians- 
portanlagc.)  "  Uhiand.  Spec.  Ed."  IV.. 
p.  26.    III.    (The  plant  is  U8edforconve\  in<; 

grain.)    2S.  (xl.  NO.  >^\}7 

Conveyors  and  Their  Use.    1jm  nkk\mi  r. 

LirnwiG.  (Conveyer  und  ihre  .\nwciuhnig.) 
"  Uhiand.  Spec.  Ed."  IV.,  8.  pp.  29-30. 
111.  (The  Gravity  Convc\ors  arc  <les- 
cribed.)    2s.  (xl.  No.  8438 

■Mtnilsatlon  of  Conveying  Plants.  "  Coal 
Age."  Vol.  4,  12.  p.  413.  111.  (A  descrip- 
tinn  n(  a  telpher  s\  stem  that  transports  coke 
jroin  the  oven  bench  direct  to  the  mouth  of 
the  blast  furnace  without  removal  from  its 
original  buckc-t.  Breakage  is  thus  reduced 
to  a  miniinuni.)     is.  Xo.  8439 

PnenmaUe  Convoying  PUnts :    A  Simple 


Modern  Conveying  Device  Instead  of  Meehanl- 
««l  Deviees.  Kuum.  O.  (Pnenmatiscbe 
Foeideranlagen,  ein  vereinfachtes  modemes 

Foerderinittel  an  der  Stelle  mcchanischer 
Foerdercinrichtungeii.)  "  Werkstatt.steclin." 
Vol.  7.  10,  pp.  496-8.    111.    2s.  fxl.  Xo.  8440 

Paelfie    lUlU    Coal— and    Ash  Handling 

IqVlpment.  "  Power."  Vol.  38,  13.  p» 
425.  111.  (Acoal  and  ashhandlmg  system 
consisting  of  three  distinct  parts.  The 

first  is  a  pivoted  bucket  conveyor  to  transfer 
the  coal  from  the  cars  to  the  coal  bunkers. 

The  second  jiart  consists  of  charging  cars  for 
con\'e\-mg  coal  from  the  hunkers  to  the 
boiler  room,  and  thi-  thud  part  is  an  indus- 
trial railway  system  for  removing  ashes.) 
IS.  No.  844Z 

Eleetrle  Indtietlon  TmoiMft  System  for 
Mails.  "  Engineering."  vol.  94,  2.49.?. 
p.  501.    111.    IS.  No.  8442 

Electric  Carrier  Railways  for  Rapid  Transfer 
ofiHail  and  Express.  "  Eng.  News."  Vol. 
70.  14,  pp.  637-9.   III.   2S.  No.  8443 

Hew  Btoatilt  Canter  for  MaO  or  Faekago 

Freight.   "  Eng.  Rec."   V<rt.  68,  1 1  p.  397 

III.     IS.  Xo.  844^ 

Electric  Carrier  Systeai.  "  Railway  .\g(- 
Uaz."    Vol.  55.  14,  pp.  624-5.   3  ^8- 
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"  EMVDE^E^  "  AIR 
PUMPS 

FOR  COMPRESSING  OR  EXHAUSTING. 
FIXED  OR  PORTABLE  SETS. 
PNEUMATIC  DESPATCH  TUBE  SYSTEMS. 

NORMAN  DICKSON,  PRINGLE  &  CO., 

25.  Victoria  Street.  London.  S.W. 


BON-ACCORO" 


CENTRIFUGAL 
PUMPS. 

For  Land  mr%<t  Mmrlns  Work. 

HIOH  SPEED  E/^GINES.        i  AN  ENGINES. 
HIGH  LIFT  TURBINE  PUMPS. 

DRY8DALE  &  Co.,  Ltd.,  bon-aoooko  works, 
voKfR  GLASGOW,  W. 


rORSTCAM  «MO  OA*  CNQIMC* 


•UTOMATIO  CONTINUOUS  INDICATORa? 

[INOICATORS  A  EXPLOSION  RECOROERsl 

rOR  OA*  CNOINCS  AND  MOTORS 


OOBUE  MolNNES  LD..  67Bet»i««ji  St..  GLASGOW.! 


"CAMERON" 

Centrifugal  Pumps 


BELT   DRIVEN    OR   DIRECT  COUPLED. 


HIGH 
EFFICIENCY. 


LOW 
MAINTENANCE 

COSTS. 


EASE  OF 

INSPECTION. 


SIMPLICITY 
OF 
DESIGN. 


ALL    PARTS    OF   THE   "CAMERON"   CAN    BE   INSPECTED   AND  CLEANED 
WITHOUT   DISTURBING    PIPE  CONNECTIONS 


THE 


INGERSOLL-RAND 


165,  Queen  Victoria  Street,  LONDON, 


CO. 

In.-,  In  1.8  A.t 
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UPnHO  AND  COIVBTIIO  MACHIRB8. 

device  now  I  being  perfected  to  transport 
mail  or  moderate  sued  ^lackages  in  large 
btiildiogs.  sucb  M  terminals,  wardionses, 
etc.)    IS.  6d.  No.  8445 

American  Excavators.  Christ.  A.  (Ameri- 
kanis<  lu'  L<)tkll>;i^;i;or.)  "Thland.  S{H;c.Ed." 
I\  .  ."^  pp.  i"-!.  III.  (Description  of  three 
aiit()niol)ile  excavators.)     zs.  No.  844(j 

CRANES. 

New  Type  of  Motor  Winch.  "  .Motor  lioat." 
Vol.  10,  481.  p.  240.  111.  (A  solution  of 
the  ships  aujdlury  deck  machinery  problem, 
tid.  No.  8447 

ILIVATOBS. 

Grain  Hauling  and  Storing  Plant.  Spiel- 

VO(.EL,  \V.  (Die  F()er(ler.inlaL;en  der  Spei- 
cherei  iintl  Sp<.'<litions-.\.G.  Dresiitn-Kiesa.) 
"Z.  Ver.  D.  InR."  Vol.  57,  38,  pp.  i  .4<>S- 
I.50V     ill.    2s.  irt\.  No.  t>44« 

HAULAGE. 

B«pt  HMilage  at  VssU  No.  4  Mine.  Price. 
W.  Z.  "ColUery  En^."  Vol.  34.  3.  Pp. 
1.^5-7-  7  fig-  (Description  of  what  ts 
probably  the  greatest  sjnitem  of  mechanical 
haulage  in  the  coal  mining  world  )    js  '><i 

Hftolait  Plant  at  ttt  Fltadmiirabe  Colliery, 

VIL 


A  ReDarkakla  Pomp,    (l-lme  merkwiirdiKe 

Piimpo.)  •"  riiiand."  Sp<<-.  F.<l.  III..  H. 
pp.  <<)-!.  111.  (The  sr>-iiillf(|  spiral  wire 
{juniji   IS   described    bv   whuh    In|uids  are 


raised    hy   a  spiral   chain   moving  in  the 
water  and  liftiiifi  It  up  )    2S.  6d.  No. 
CENTRIFUGAL  PUMPS. 


as.  6d. 


8455 


Tin  Theory  of  Centrifugal  Pumps.  Daugh> 
xnTV.  R.  L.  "Mech.  World.'*^  Vol.  S4. 
«.395.  p  147     III.    6d.  No.  8456 

Theoretical  and  Graphical  Study  on  Centri- 
fugal Pumps.  Dejlst  J.  (fltudr  ihi'orupie 
et  graphique  des  jwrnpe-s  (cntntum-s.) 
"  Re\  .  Mec  "  \  oI  3  ^,  3  |)p.  jn<(-5»>  111. 
2s.  '.'I  N<i.  Hj57 

Th«  Approximate  Oonstruetion  of  the 
^Rn  aad  tk«  BflllMWy  Curves  of  TiAlM 

Fanpi.  Obstbrrbichkr.A.S.  (Dieangen- 
adierte  Xbnstmktion  der  Q*Hn  nnd  der 

Wirkongsgradkurven  fucr  KrelMjIpiimpen.) 

Z.  Vcr.  I>.  Inp  "    Vol.  57.  ag.  pp.  1.148-^. 
lU.     JS   (kI.  .Vo.  845K 

DMign    and    Calculation    of  Centrifugal 

Pwnps.    Schmidt,  Karl.  (Konstruktions 
nnd    HercchnunKsbeispiclc  zu  Zentrifugal- 
pumpen.)    "  Uhland.    Spec.    Ed."  III., 
1913.  7.  p.  28;  8,  pp.  31-3^       HI.  5S. 

No.  8459 

A  Haw  OraMingal  Pnnip  with  HtliMldal 
Inpallar.  Kbxr.  C.  V.  "  JL  Am.  Soc. 
Mech.  Eng."    VoL  35,  10  pp.  1,493-1,524. 

23.  ^xl.  No.  H^(J(> 

Pubometer  MuIti-Stage  CantilfOgal  Turbine 

Pumps.  ■  Paul's  Wly."  Vol.  2^,  472. 
p    t>7.     III.     IS.  llo.  8461 

PISTON  PUMPS. 
The  Oddie-Simplex  Steam  Pomp.   (i>ic  Od- 
die-Simplex  Dampfpumpe.)  "  Uhland.  Spec. 
Ed."  III..    7,    pp.   26-8.   lU.   as.  6d. 

No.  8462 


Upntr  Silesia.  Pletz,  U.  (Foerderein- 
rlchtungen  der  Friedensgrube  in  Frieden* 
shuette  O  S.).  "  Glueckauf."  Vol.  49.  35. 
pp.  n84-<)i,  10.  III.  «s.  fx!.  No.  8450 
Coal  Hauling  Plants  Combined  with  Bunkers 
and  Mechanical  Stoking.  Eichholtz,  A. 
(KohlenfocrtleranlaKcn  in  NerbindunK 
mit  Hochbunkern  und  mechaniiicher  Rost- 
bcschickunn.)  "  Feiierungst."  Vol.  i.  24. 
pi).  ^^('-^    HI-   i^*-  '>d.  Nd  .H.j5i 

Electrically  Driven  Main-Shaft  Hauling 
Snglno  Willi  Stsam  TiirUiM  and  Slarttog 
Dfiamai.  Blau.  E.  (Elektrisch  betrie- 
Iwne  Hauptschachtfocrdermaschinen  mit 
Dampfturbincnantricb  der  Anlassdvnamo.) 
"  El.  Maschbau."  Vol.  31,  37,  pp.  779-8-! 
III.    2.S.  <k1.  No.  8452 

New  Cascade  Motors,  Type  Sandycroft-Hunt. 
RicKER.  A.  (.Veue  Kaskaden-.Motoren, 
Bauart  Sandycroft-Hunt.)  "  Z.  Ver.  D. 
Ing."  Vol.  57,  38,  pp.  l,303-7- 
(.\pplication  for  a  hauling  plant  at  an 
Indian  coal  mine.)    2s.  6d.  No.  8453 

ROPEWAYS. 
Automatic  Aerial  Wire  Ropeways.   "  Sur- 
veyor."   Vol.  44.   1. 1 35.  pp.  tK>4-5.  111. 
ts.  No.  8454 


A  Revwilng  Pump,  pie  vMvund  rOck- 

w&rtslaufende    Pumpe    eine  Tatsache.) 

"  I'hland.  S]u<\  Et]  "  HI.,  8  pp.  2«)-3<». 
111.  (Description  ol  a  pump  which  allows 
of  suction  or  pressure  at  will.)    -'s  'xl. 

No  84»>3 

On  Axial  PumiW.  VValenbach  (Ueber 
Axialpumpen.)  "  Z.  ges.  Turbinenw."  \'ol. 
10,  16,  pp.  241-4.    III. :  17,  pp.  2^)2-5. 

IB.  No.  8464 

Experimtiits  with  Large  Amalar  Valval 
guided  by  Leaf  Springs  for  Drainage  Pumps 
and  Contribution  to  the  Dynamics  of  Valve 
Motion.  Srnfii  NK.  K.  (\  ersiicbe  mit 
^ros-sen,  dun  h  1 '.lattfiilern  nefiiclirten  King- 
ventilen  tiur  Kanalj.satirinspuni[ien  und 
Ueitraege  zur  Dvnamik  der  Ventilbewegung 
"Z.  Ver.  I).  ln«."  Vol.  57,  32,  pp.  i,24<.- 
55.    III.    28.  6d.  No.  84O5 

PUHPINO  PLANT. 
Hnnlelpal  Pumping  Plants.  Taylor.  F.  N. 
"  Pract.  Eng.'*^  Vol.  48,  1.388.  p.  317: 
PP-  ;V^7-8.    III.    (Valves  for  recipro- 
cating' pumps.)     IS.  No,  8400 
MISCELLANEOUS. 
On  the  Arrangement  of  Circular  Piston- 
Blowers,    il Jwas  iiber  .\nordnung,  etc..  der 
Krciskolbengeblasc.)    *'  Uhland.  Spec.  Ed." 
III.,  7.  pp.  25-6.    111.    (Data  on  suitable 
design  of  the  machines  and  their  use.) 

28.  fid.  No.  8467 

Calculation    of   Compressed   Air  Pampe. 

J).\KAi'sKY.  L.  (Die  Hcrechnung  der  Press- 
liift])timpen.)  DniKlcr.  Vol.  32K,  32. 
Pl>  407-5'^"  ;  33.  PP-  518-22  ;  35.  pp.  54^  51  ; 
3*..  pp.  5'>'>-8:37,  pp.582-85:40.pp.  '31  34- 
ill.    15s.  No.  8468 

A   Rotary    Hydro-Pneunatia  t^ampnaser. 

"  Iron  Age. "  Vol.  92,  14,  p.  712.  III. 
(Single  stage  machine  and  vacuum  pump 
for  moderate  pfessures.)   2s.       No.  8469 
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MAGNOLIA  METAL  MANUFACTURE  MAGNOLIA  COPPER 

TEN  THOUSAND  FIRMS  ANY  ALLOY  HARDENED. 

TESTIFY  AS  TO  ITS  MERITS.  REQUIRED.  CUARANHES. 

MILLER  ANTI-FRICTIOIM   METAL  CO..  LTD.. 

GORE  STREET, 
 MANCHESTER. 
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TUBES 


ERIGE,  6RICE  t  SOI,  Ltd.,  BIRyiNBHIIH. 
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Telephone  Central  6148  3  Lines. 


Telegrams  Armstrongs"  Birmingham. 
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DropForgings 
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Marine  Engines 
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Railway  Construction 
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Petrol&Electric  Motor 
Machine  Tools 
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VIII.— Railway  Ensineering. 


QBHERAL. 

British  Railway  Progress.  1864  to  1912. 

"  Kailw.  News."  Vol.  lOO,  2.597.  p.  567. 

IS.  No.  8470 

lastnwtton  of  TnliunoK  oa  the  HonstoB 
Ekotrte  OoBpoay.  "  El.  Rallw.  jl."  Vol. 

42,  13,  pp.  488-90.  111.  (The  artirle 
describes  the  schoolroom  ecimjunent  and 
complete  course  of  mstrnotion  to  ju  i^iH  .  live 
trainmen  as  comluctcd  at  Houston arul  also 
the  method  of  teaching  the  instructors  1 
IS.  <>,1.  Xo.  847 1 

ACCIDENTS. 
A  How  HoTon  Collision  ot  Ssptomlm  and, 
lMS»'AMnet  of  Report  ot  the  Iiilw-ftBte 
OoDUHfoe    Gonmitilon.    "  Railw.  Eng. 
Rev."   Vol.    53.    30.    pp.    OM-17  IS- 

\"o.  8472 

Report  on  Hays  Mill  Wreck  -  Transverse 
Fissures   in   Steel    Rails.    "  Kailw  ICn^. 

Kt'v."  \'ol.  53,  3<j,  p().  v>'J  I  1  111.  IS. 
^-  .Vo.  H.^y\ 

The  Colchester  and  other  Roilwajr  Aeeident 
Roporll.  "Engineer."   Vol.    106,  j.oij. 

B.  333*  No,  8474 

eport  OB  Horth  Hawa  OoHMon.  "  Rail- 
way .^K'e  Gaa."    Vol.  55,  14,  pp.  619-22. 
IS.  <kI.  No.  8475 

Collision  on  the  Pennsylvania  Railroad  at 

Tyrone,    Pa.    "  Hailw.   Eng.    Rev."  Vol. 

5  :      ,>     1  111.      IS.  No.  8476 

AERIAL  RAILWAYS. 
Aerial    Mountain    Railways.   Buhle,  M. 
(Ik  r<..;-Seil!>chwebet>ahnen.)    "  Organ."  1913. 
15.  ]>i)   266-72.   til.   (Aerial  Ry.,  Lwia- 

Vi^ljuch.    Chamonix-Aiffuille    d'u  Midi, 

Bnxen-Plosc  are  described.)     2s.  6d. 

Xo.  8477 

Passenger  Aerial  Railway  of  Pain  de  Sucre 
in  Rio  de  Janeiro.  Da.mi.n,  (~h.  (I'unuu- 
laire  aencn  a  voya^jcur  <ln  I'ain  <le  Sucre 
atRiO  de  Janeiro.)  "  Cen,  Civ."  Vol.  03. 
13,  pp.  253-b.  III.  (The  ropeway  climbs 
with  only  two  tracks  of  317  and  800  m. 
the  fanoous  mountain  of  Paode  Assucar.) 
28.  6d.  No.  8478 

Rope  Suspemlon  Railway  to  Koblern  near 

Bozen.  Wettich.  H.  (Seil-Schwebebahn 
n.ich  Krihlern  lui  liozen  )  "  Orjjan."  Vol. 
50,  19,  pp.  341-2.     111.     2s.  <k1.      Xo.  8.179 

Reeent  Electrical  Suspended  Railways.  iXcues 
ttbcr  Elektrohiingebahncn.)  "  I  hlaud.  Spez. 
Edit."  IV..  p.  28.  8  iU,  (Description  of 
motor  and  block  system.)  2s.  od.  Xo.  8480 
Rope  Smpeulon  Railways  for  Carrying 
Passengers.  Wintermeyer.  (Seilschwebc- 
bahnen  (mit  .Antrieb)  znr  Person  en  I>ef6rd  er- 
runj;.)  "  I'-l  Kradhe  tru  h  u  H  "  \'r)I.  11,24. 
pp.  484-0  111.  (\. in  lis  [ilants  are  de- 
scrilH'd.;     is  No.  8481 

BRAKES  AND  COUPLINGS. 
New  Practical  Experience  with  the  Continnoni 
Goods-train  Brake^  System  Hardy.  Glanz. 

(Nene  Erfahningen  im  Betriebe  mit  der 
dnrchgehendcn  Gfiterziigsbremsc  "  S\  stem 
Hardy  ")  "  Glasscr."  Vol.  73,  4.  pp.  75-7. 
(I'articuiarlv  the  costs  of  maintenatK  e  arc 
dealt  with.)    2.S.  iKl.  No.  {5482 

Braklag  Qoodi  Trains  by  the  Ooatiaaoai 


Vacuum  Brake,  "  Hardy."  Nebungbr, 

Jacques.  (Le  Ireinage  des  trainsde  marchan- 
dises  par  le  frein  k  vide.  "  Hardy.")  "  Gen. 
Civ."  Vol.  63, 14,  pp.  208-71 .  (Description 
of  different  parts  of  the  brake ;  its  opera> 

tion.)    2s.  6cl.  No.  8483 

The  Law  of  the  Brake-Power  Phenomenon 
on  Railway  Trains.  .Meykk-.Absheri,,  J. 
(<;esetzmassiuk<^'itrn  im  \'erhalten  der  Hrcins- 
kratt  i  Iiiscnhahnziigen.)  "  Organ."  Vol. 
v>  i>  |>|>  n'>-2.  IU.  3S.  6d.  No.  8464 
CONSTRUCTION. 
The  Railways  of  Our  Indian  Empire  :  Their 
ConstraetiOB  and  Progress.  ' '  Railw.  News." 
VoL  100.  2597,  pp.  570-1.  (Transport  and 
earnings.    Goods.)    is.  No.  8485 

Features  of  the  Kalka-Simla  Railway. 
Freeman.  L  K.  "  Railway  A^e  Oa/.  " 
Vol.  5/i,  15.  pp.  ''57-S.  3  (Heavy 
prof t<ti\e  work  necessary  on  tins  narrow 
;^aiii;c  line  up  the  Himalaya  results  ni  hmh 
const  ruction  cost.)     is,  'h1.  X'o.  S4.S(i 

The  Construetion  of  the  East  African  Central 

Railway.  Gillmann,  C.  (Vom  Bau  der 
Ostafrikanischen  Mittellandbahn.)  "  Schwei- 
zerische  Batiz."   Vol.  ftz,  12.  pp.  160-66. 

III.:  13,  pj)  i7'>-<).  III.  3s.  84.S7 
Construction  of  the  Buckhannon  and  Northern 
Railroad.  Kkkk,  li.  E.  "  Kailwav  .\ge 
(laz  "  \'ol.  53,  14.  pp.  ()i7-8.  4  (i;;.  is. 
'>d.  Xo.  8488 

Continuation  ot  Louisville  and  Nashville 
Improvements  in  lastini  Kentucky.  "Hng. 

Rec."  Vol.  68.  13,  pp.  359-60.  lU.  (Fea- 
tures of  reconstmction  and  new  construction 

from  lr\ine  East  )   is.  Xo.  8489 

Ffeetors  Entering  into  Grade  Reductions. 

En;^.  Rec."  \'ol.  'iS,  14,  pp.  !';5''- 
(.\nal\si-,  ot  the  estimated  savmi;  111  a  pro- 
posed i  haime  from  i  o  0  to  a  0.3  jier  cent, 
ruling  )j;raile  on  a  typical  1 30-mile  division.) 
IS.  No.  8490 

Redttoed  Live  I<oads  on  Railway  Undeiv 
bridges.  Ball.  J.   D.   W.   "  ^gineer." 

Vol.  106,  3015,  pp.  377-8.  111.  IS.  No.  8491 
Adopted  'Design  of  the  Quebee  Bridge. 

MoDiKsKi,  R     "  Railway  Age  Gaz  "  \'ol. 

I'P  55'^-''-  ( r>iscii.ssion  of  eleniiiits 
considered  in  <Iesixning  the  longest  ,s})an  in 
the  world.)     IS.  od.  Xo.  8492 

The   Helen   Relnforeed  Concrete  Bridge. 

Bi£K.\,  S .vit/erland.  "Eng.  .Vews."  Vol. 
70.  12,  PJ).  3ii-T  111.  2s.  .Xo.  8493 
Double  Deek  Bascule  Bridge.  "  Railway 
.\ge  Craz."  Vol.  55.  14,  j)p.  'm>3-4.  4  fig. 
(The  problem  of  building  a  double  deck 
bascule hrid^'esolverl  without  addmi;  a  .single 
(\r-.i  (;i  t.iil  nr  loint.)     is.  'h1,      .\o.  IS404 

Bridges  of  the  Connecticut  Company.  "  El. 
Railw.  Jl."  \'oI.  42,  14,  pp.  (>ivS-4o.  HI. 
(X'lews  and  brief  descriptions  o(  a  number 
of  bri  Ige  Structures  are  presented  together 
with  an  account  of  an  extended  bridge 
investigation  which  includes  approximate 
methods  of  determining  loading.)  is.  6d. 

No.  8495 

ECONOMICS.  ADMniSTRATIOH  AND  STA- 
TISTICS. 

The  BlenMala  of  RaOway  Opetattug 
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■AILWAT  UflUnUUIO. 

mies.  "  Railw.  News."  VoL  lOO,  2596. 
P-  5.H9  ;  2597,  p.  572.  (Locomotive  opera- 
tion 1  is.  N'o.  8496 
British  Railway  Receipts  and  Expenses, 
1854-1912.  "  Hailw.  News."  Vol.  luo, 
2597.  p.  5'>').  IS.  No.  8407 
ResulU  Obtained  in  1911  on  the  French 
State  Railwftys  AMonttng  to  the  Report 
Published  by  tin  Adalnbtration  Board. 
(R&ultats  obtenin  M  191 1  *ur  le  ri>«»u  des 
Chem.  de  Per  de  VmAjm  Fnuiee,  d  aprte 
le  compte  d'  Admtntstration  public  pour 
ta  dite  ann^e.)"  "  Rev.  Gen.  Chem.  Per." 
191  1,  pp.  51-00.  (The  results  are  com- 
pilfd  in  II  tahh'.s.)  ?.s.  No.  8498 
Results  Obtained  in  1912  on  the  Five  Prineipal 
French  Railways.  (Kc!>uItatsobtcnu.s  igissur 
les  r^aux  des  cinq  Compagnies  principales 
des  Chemins  de  Fer  francais.)  "  Rev.  Gen. 
Chem.  Fer."  191 3.  z,  pp.ioi  34.  (Statistical 
data  compiled  in  tables.]  3s.  No.  8499 
Stotlstles  of  Algerian  and  Tunisian  Railways, 

1910.  (Stati-sticjue  des  Chemins  de  Fer 
Algeriens  et  Tunisiens,  1910.)  "  Kcv.  Gen. 
Chem.  Per."   1913,  3,  pp.   i59-<>.)  .Hs. 

No.  8500 

BLECTRIC  RAILWAYS  AND  TRAMWAYS. 
ftallw«i  SiMtiifleatlon.     Sp.^rks.  j.  b. 

"  El.  Tunes."  Vol.  44. 1147.  pp.  34<)-8  ;  11 48, 
PP-  374-5-  (A  comparative  analysis  of  the 
sinKlc-l'*^**®  H.T.  direct  current  costs 
e:stitnatcd  for  the  Melbottme  suburban 
system.)     is.  No.  8501 

Limits  of  Capacity  of  Urban  High  Speed 
Railways.  llKt-ciscn  and  liRisKE.  (Die 
Grenzcn  der  Leistunj^sf^higlccit  von  Stadt- 
Schnellbahnen.)  '  El.  Ivraftbetrieb  u.  B." 
Vol.  II.  27.  pp.  553-7  III.  (Wi«i  trains  <rf 
60  m.  length  the  greatest  number  of  passen- 
gers conveyed  per  hour  amounts  to  29.000 
meadiditection  ; with  150m. S5,coo.)  i.s  ikI. 

No.  {5502 

Hypothetleal  BasMe  Interurban  Railways. 

"  El.  Railw.  11."  Vol.  42.  12.  pp.  460-2. 
(A  theoretical  application  of  the  principles 
governing  the  operating  revenue,  operating 
expense  and  cost  of  coastrmction  of  proposed 
electric   intemrtjan   taHmmtyt.)    is.  (x\. 

No.  850^ 

Eeonomie  Value  of  Eleetiieal  Vain  Railway 

Service.  I'snF.CK.  W  (Die  wirtsi  haftUche 
IV'tleutunv;  N".  clcktrisfhem  H.uiptliahn- 
tietnt-bt's.)  "  l:t/  "  \'ol.  ^4.  14.  pp  i)i>\-y. 
(Short  historical  survey  ;  the  ditlcrcnt  kmcis 
of  electric  service  on  main  lines  and  their 
advantages  over  steam  service  are  d  i.sc  us.scd .) 
»,  6d.  No.  8504 

TIm  Btdrte  StUvajit  In  tb»  RhoiMii 
WestphaBaa  Industrial  Dlstriet.  Baswitz. 
Hans.  (Die  elektrischen  Uahnen  im  Rhein- 
isrh-\\'<  stf.ilisi  lien  Industriegebiclc  1  "  El. 
Kraf tbflneb.  11.  li."  Vol.  11.  25.  )ij>,  5<ii-4. 
I--   '«1.  N'o  <*^=)ii3 

Electrification  of  Steam  Railroads  in  Mountain 
Distriets.  "Eng.  Rec."  Vol.  5"8.  12.  p. 
314.    IS.  No.  8506 

Bleetrie  Railway  Ooutmetiea  la  Pub. 

"  El  Railw.  J I  Vol.  42,  14.  pp.  648-50 
III.  (The  principal  surface  electric  rehabUi- 
tationi  The  standard  car  will  have  a  centre 


entrsnoe  and  will  be  mounted  on  a  single 
truck  witi)  an  Ti-ft  to  in  wheelbase)  ts.  6d. 

N'o,  8507 

Hydro-eleetric  Energy  for  Worcester  Railway 

System.  "  El..  World."  Vol.  (.2,  I  4,  pp.  h^  j-S. 
III.  (Featuri-s  of  Connecticut  Kiver  Trans- 
mission Company's  120,000. volt  lines  and 
sub-stations.  Outdoorswitching  installation. 
Additions  to  Millbury  plant.)  is.  No.  8508 

ttntf  m  Bhstrilcrtlott  of  SouUMrn  Patilo 
■outaUi  DlfWoa.  "  Ranw.  Eng.  Rev." 

Vol.  53.40.  p.  939.  (Discussing  a  hypothetic 

cal  installation  of  electric  motive  power  on 
the  Southern  Pacific  Line  over  Tehach  ijii 
Pass,  the  author  derives  an  estimate  oi  the 
first  cost  involved  and  the  cnrni>ai;itive 
operating  expenses.  He  finds  no  possibility 
ot  linanaal  profit  in  electric  operation.)  is. 

No.  8309 

■mraili-Tktiton  Hlgfa^poii  Lint.  "El. 

Railw.  JI."    Vui.  4a.  12,  pp.  455-9-  111- 
IS.  fKl.  No.  8510 

Tramway  of  Warsaw  (Strassenbahn  W ar- 
se ha  us).  ■'  El.  Kraftbetncb  u.  H."  Vol  11, 
/5,  514-10.  III.  (The  power  station  is 
especiallv  dealt  with.)  is.  (kI.  No.  851  i 
Opening  of  the  Section  Spittelmarkt-Alex- 
anderplats  of  the  Berlin  Underground  Rail- 
way. Kemhann,  G.  (Zur  Erdffnun;  der 
Strecke  Spittelmarkt-Alexanderplatader  Ber- 
liner Untergrundbahn.)  "  EI  Kraftbet- 
rieh  u  I?."  Vol.  II.  22.  pp.  441-51.  III. 
(The  Automatic  signalling  system  is  speci- 
ally dealt  with.)  is.  (kI  No  S312 
Service  Experience  with  Electric  Train 
Traction  at  Simplon.  Kii.chenmann.  Hki  no. 
(Ik-tnebserfahrungen  bei  der  elektrischen 
Zutlorderung  am  Simplon.)  "  El.  Kntft* 
betheb  u.  B."  Vol.  11.  ai.  pp.  429-J9> 
111.  (Power  Stations,  contact  me.  Loco- 
motives. IS.  fid.  No.  851^ 
Up-to-date   Auxiliary   Devices   for  Large 

Electric  Railways.  (Zeitgema.sse  Hilf.scin- 
nchtungen  im  grossen  elektrischen  Hahn- 
betricbe.)  "  El  Kraftbeitrid)  11  H  "  \'ol. 
ti,  25,  pp.  522-8.  ill.  (Pneumatic  stam[>- 
ing  devices,  compressed  air  hammers,  rail 
planers,  iqiparatus  for  autogenous  welding, 
rail  millers,  and  electric  rail  drillers  are 

described.)     is.   6tl.  No.  8514 

Diesel-Electric  Rail  Motor  Cars  on  Swedish 
State  Railways  (Dieselektrisehe  Triebwagaa 
der  schwedlsehen  Staatsbahnen.)  "  Organ." 
\'ol.  50.  17,  |)p.  31 1 -13.  111.  (Diesel  engine 
of  75  HP.drives  continuous  current  generator 
of  50  kilwatt.)    ?s.  (hI.  No.  8515 

Control  of  Eleetrie  Cktodt  Train  LoeomeliTe. 
E.  0. 806  of  the  fnmhm  RaOiny  MmMtHnf 
tlon.  RicHTKR,  Ri-DOLF.  (Die  Steuerung 
der  elektrischen  Gtiterzuglokomotive  EG506 
der  preussischen  Eisenbahnver  waltiinR.) 
"  ETZ."    Vol    <4,  X>'7--i  III 

:5s,  <)<!.  .\"<'  iS3i'i 

Notes  on  the  Locomotives  for  the  Mitten- 
wald  Railway.  Seefehlnbr  am>  Pofp. 
"  Electrician."  VoL  71.  1845,  pp.  1025-7. 
IS.  No.  8517 

Single-Phase  Locomotives  f«r  the  Rhaedan 
Railway.  "  Engineer."  Vol.  to^>.  3.014. 
P-  359.    IH.    IS.  No.  851S 
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Adoption  of  AcoumuUtor  Rail-Moter-Car 
SonriM  on  tlw  Lines  Mulhelm  Ruhr-H«liMn« 
OsterfiH  Itort  ind  Mtilheim-Rahr-H«lM«i- 
HattiiigMi  and  Ooatilkiitlon  to  tiM  <taMCi» 
of        Booneaiy       Motor  Ov  Anklet. 

BoRGHAUs,  E.  (Die  EinfUhrung  des  Akku- 
mulator-Triebwafjenhetriebcs  auf  den  Strcc- 
ken  MtiilKMni-Kulir-l  Iiis.s(ti-(  )st(Tf(ki-N'ord 
urn]  Mulhcini-Kulir-Hcisst'n-Hattingen  und 
li<  itran  zur  I  rajic  der  WirtschaftJichkeit  des 
Tnc'bwagenbctriebes.)  "  Claser."  Vol.  73, 
4.  pp.  (M  71  III.  (Description  of  ^nt. 
calculation  of  rentability  oompnring  nteom 
service  and  motor  car  service  with  each 
other).    2s.  6d.  No.  8519 

Ran  Hotor-Car  Equipment  of  the  Chemin  de 
Per  departementaux  de  la  Haute-Vienne. 

WiCHERT.  A.  (Die  I  riebwayrnausrustun- 
gcn  dcrf  Chemin  de  For  dt'jiartrmcntauxdo  la 
Haute-\  ienne.)  "  El.  Kraftbetrieb  u.  li." 
\'ol.  II,  i3,  pp.  4O1-72.  III.  (Power  gener- 
ation and  dutribution  :  the  motor  cars  and 
their  equipment,  description  of  the  most 
important  parts  of  equipment.  Ksolta  of 
tests.)    IS.  6d.  Xo.  8520 

Dedgni  of  One-storied  Tram  Cars  and  Auto- 
buses for  the  Munlelpal  Tramways  of 
Vienna.  Sprangler.  '  Li  dwig  (Entwurfc 
fUr  stockhohe  Trannva)j;en  und  Automobi- 
omnibu.s.se  bei  den  Wiener  st&dtischen  Stras- 
senbabnen.)  "  £1  Kraftbetrieb  u.  H." 
VoL  II,  25,  pp.  504-I4.   III.    IS.  6d. 

No.  8521 

HUntoMaM  OMii  tf  Oli  and  Wt»  Raihray 

Moton.  "  El.  Hailir.  Jl."  Vol.  42.  13.  pp. 
495-7.  (A  comparison  of  the  costs  of  opera- 
ting old  and  modern  types  nf  motors  in  city 
and  interurban  service,  based  upon  figures 
taken  from  six  roads  in  opeiation.)    is  <xi. 

No.  8522 

The  Eleetrie  Trnelt :  English  Experiments  and 
American  Praattat.  "El.  Rev."  Vol.  73, 
187X,  np.  539-40.  W.  18.  8523 
UGHTIIIO. 
Installation  and  Maiatonaaa*  of  Bla«M« 
Headlight  Equipment  "  Railway  Age  Gaz." 
Mech,  Ed."  Vol.  S7,  pp.  54O-9.  14  fig. 
IS.  (kI.  Xo.  8524 

Car  Lighting  Tests  on  the  Bajr  State  Street 
BaUway.  "  El.  Rattw.  Jl."  Vol.  42.  i  i  i  i- 
504-5.   IS.  6d.  No.  8525 

LoooMomm 

Steam  Loeomotlves  Problems.  "  Times  Eng. 

Supp."  450.  p.  21.  (Hif.;h -speeils  and  heavy 
loads.)     IS.  -No  M52') 

The  First  Diesel  iThermoi  Locomotive.  Stkr- 
NKNBKKt;.  F.  (Die  crste  J  hermo-Lokomo- 
tive.)  "  Z.  Ver.  D.  ing."  Vol.  37.  ^4.  {>p. 
1,325-31.  111.  (Full  description  and  work- 
ing results  of  this  locomotive  which  is  driven 
by  a  1,000  H.P.  Diesel  engine.)   ss.  6d. 

No.  8527 

The  First  Diesel  Loeomotlfa.  Ali.bn,  P.  R. 
•'  Cass.  Eng.  Mly."  Vol.  44,  4,  pp.  259- 
2<i4.    111.     is.  No.  8528 

The  Loeomotives  at  the  Ghent  World's 
Fair.  PiERRE-Gi'kDON  L.  (Les  locomo- 
tives k  I'Exposition  de  Gand.)  "  Gen.  Civ." 
Vol.  63.  12,  Dp,  225-7.  U).  (Locomotive 
type,  "Lomnne."  with  single  expansion 


and  su]>erheating  and  five  coupled  wheels 
is  described.  Grate  area  3,08  sqm.  Results 
of  working.   Superlieater  Hestre.)   2s.  6d, 

No.  8529 

Maw  4-4-0  Laaanattaa:  Onat  OsBtraiRall- 

way.  "  Railw.  News.*'  Vol.  100.  2.59(1,  p. 
544.  III.  (Dcsigncfl  bv  Mr.  G.  J.  Robinson, 
Chief  Mechar. lln  jiiirrr  )     is.     No.  8530 

Great  Southern  and  Western  Railway  Ex- 
press Passenger  Locomotive.  "  l<aiUv.  Gaz." 
Vol.  19,  13.  pn.  .<ir-  i  HI.  is.  So.  85  ^1 
The  Forty-tnousandth  Locomotive  Con- 
itHMlad  by  Uia  BaMwia  Loeomottva  Worlu. 
*•  Railw.  News."  Vol.  100,  2,306.  p.  543. 
111.    IS.  No.  8532 

Reeent  Passenger  and  Goods  Train  Loeomo- 
tives of  the  New  York,  New  Haven  and 
Hartford  Ry.  and  Boston  and  Maine  Ry. 

Hhllmu.nd,  Yi.  E.  (N'cuere  Pcr.sonenzu^'s- 
und  )  ( ;utfrziiv;siokomotiven  der  .Vew  York. 
New  Haven  and  Hartford  Ralui  und  lioston 
and  Maine  Bahn).  "  El.  Kraftbetrieb  u.  B." 
Vol.  tl,  26,  pp.  3J3-4.2.  (Submission  terms 
and  cmiditioas  of  service  of  tibe  looomottve ; 
general  data  oonceming  lOoomotion ;  motor 
drive,  construction  of  locomotive  frame, 
motors,  switches,  ciiuipmcnt,  results  of 
service  arc  dealt  with.)  is  (kI.  No.  8533 
Powerful  Locomotives  of  the  Bone  Guelma 
Railway  and  Its  Extensions.  Fi  lix,  M.  L. 
(Locomotives  Puissantes  de  la  ComcMuniie 
Bone-Gueima  ct  prokmgsnBenta.)  ^' Rev. 
Gen.  Chem.  Per."  1913,  2,  pp.  95-7. 
m.  (Single  expansion  with  saperhmter 
Schmidt,  5  axles  coupled.)  2s.  6d.  No.  8534 
The  African  Railways.  (Les  Chemines  de  Fer 
Africains).  "  Rev.  Gen  Chcni.  IVr."  1913, 
1,  S.  14-50.  111.  (Typical  modem  locomo- 
tives and  roUingstock  are  described .)    2s.  (kI  . 

No.  8535 

Large  4-8-2  Locomotives,  Natal  Seetion, 
South  Afriean  Rly.  "  Locomotive,"  VoL 
»9.  254,  pp.  231-3.    111.    (xl.  No.  8536 

4-«-0  Expren  LoeomotlfM,  Banbay,  Baiaia 

ft  Osntni  India  Ry.  Metre  Gauge  Seetion. 
"  LoocMUOtive."  Vol.  19,  254,  pp.  230.  lU. 
*x\.  No.  8537 

Pacific  Type  Loeomotives  for  the  Baltimaia 

and  Ohio  R.R.  "  Kailw  Eng  I<-  v  '  Vol. 
53.  {8.  p.  884.    III.     IS  \     s  ,  s 

Paeiflo  Type  LoeomoUve  lor  the  Pennsyl- 
vania Lines  West  of  Plttsborgil.  "  Railw. 
Eng.  Rev."  Vol.  53,  40.  pp.  934-6-  lU. 
(Tms  locomotive  is  a  heavy  Pacific  type  fast 
passenger  locomotive,  typical  of  the  desig^ 
adoptwl  by  the  Pennsylvania  system  for  this 
clas^  of  service  some  three  or  four  \cars  a^o. 
It  IS  fitted  with  superheater  and  hnck  arch 
ee|uijiiiu-iit  and  is  fired  b\-  means  of  a  CraW- 
fonl  underfeed  mechanical  stoker.)  is. 

No.  8539 

Now  Loeomottfos  for  tha  Santa  Fs.  "  Rail- 
way Age  Gaz.  Mech.  Ed."   Vol.  87,  10,  pp. 

525-7.    3  fig     IS  >"]  No.  8540 

Gasoline  Freight  and  Switching  Locomotive 
for  the  Minneapolis  and  Northern  Railw. 

•  Kailwav  Khk  Hev."  Vol.  53,  38.  p.  888. 
IS.  No.  8541 

Tha  Storage  Battery  Locomotlva.  Amosr- 
SOM.  A.  R.    "  Colliery  Eng."    VoL  34.  3. 
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)>]).  i  3  '  s  fi^.  (Its  application  to 
gatlu  ririK  ".oai  in  mincit ;  methods  of  calcu- 
teting  size  of  looomotives  and  battery 
needed.)    2s.  (xl.  No.  8542 

Gasoline  Motors  In  Coal  Hlins.  Kmc.  A.  J. 
"  Colliery  Eng."  Vol.  34. 3,  pp.  l64-5.  2  fig. 
(Extent  to  which  they  vitiate  the  air. 
Additional  quantity  of  air  to  be  supplied.) 
28.  6d.  No.  854  J 

flatollne  Mine  Locomotives.  Schol/.  C. 
"Colliery  Enfi"  Vol.  34,  3,  pp.  13  V4. 
2S.  6d.  .\"  ^344 

GaBdODSOd  Record  of  Locomotive  Equip- 
BMBt  SwARTZ,  R.  M.  "  Railway  Age 
Gaz.  Mech.  Ed."    Vol.  87,  10,  pp.  '527-9. 

Lfig.    IS.  6d.  No.  8545 

»eatloB  «f  Slaam  Gauges  Id  Mtfng  Salt&r 
ValTOS.  "  Railway  Age  Gas.  VkOt.  Ear 
KoMMF.L,  C.T.  Vol.  87, 10,  pp.  533-r>.  3  fig. 
IS.  (xl.  No.  8546 

Vanadium  Steel  in  Locomotive  Construction. 
"  Mcch.  ling."  \'ol.  ^2,  «20,  p|).  330-1. 
IS.  No   ^34  7 

Design  of  GonntarbalaDM  Weights.  1{ron- 
SON.  C.  E.  ••  Railwup  Age  Gaz.  .Mcch.  Ed." 
Vol.  87.  10,  pp.  529-30.  IS.  6d.  No.  8548 
MlrHng's  Suparhtattr  Icr  LMomatfta  BoitoMi 

"  Vulcan."  VoL  10,  112,  pp.  80.  2.  8  fig. 
IS.  No.  8549 

Feed-Water    Heating    for  Locomotives. 

"  I'owcr."  Vol.  38.  12,  pp.  3,S7-<)o  III. 
(Comparative  results  (or  lo<;oinivt!\ i/  priirtiro 
of  the  savings  from  fit d  water  heating 
when  usinj;  .-vaturatcd  steam,  moderate  super- 
heat and  high  superheat.)  is.  No.  8550 
Watar  Pwnfler  for  Loeomattva  Bdwn. 
"Mech. Eng."  Vol. 32. 818, p. 283.   111.  is. 

No.  8551 

Repairing  Locomotive  Cylinders.  Honmn, 
M.  (La  reparation  de.s  cylindfrs  de  locimio- 
tives.)  '■  Rev.  Cicn.  Cluin.  I  cr  "  1013.  «. 
j)p.  1-13.  111.  (]<e[)airmj4  with  tlie  aul  of 
oxy-acetvlene  burners.)  2s.  f>d.  No.  6552 
Alterations  Madt  on  the  Old  Locomotives  of 
the  PortogaaM  BaUways.  D'Anglards, 
HsNRY  Laviallb.  (Translonnations  iattes* 
sur  les  andennea  locomotives  de  Ui  Com- 
pagnie  dea  Chemins  de  for  Portuyuaia.) 

Hev.  Gen.  Chcm.  Per."  1913.  V  PP  14O-58. 
III.    2S.  '"1  No.  H553 

The  Standard  Locomotive  Stolier.  "  Kailwav 
Afic  Gaz."  \itl  33  15,  jip.  '.47-<).  3  fig. 
(.Ab.sencc  of  apparatus  in  tlie  cab  an<l  noise- 
less oj>eration  are  prominent  features  of 
this  new  locomotive  stolcer.)  is.  Od.  No.  8354 
€oDliltatlan  to  the  CalevMlcm  of  Crown 
Bars  of  LoconioMlo  Fir*  Boxes.  Grot.  (Zur 
Berechnung  der  Deckentrager  fiir  Loko- 
mobil-Feuerbiichsen.)  "  Z.  Hayr.  Rev. 
Ver."  Vol.  17,  17,  pp.  165-7  ;  18,  pp.  i/y-So. 
(Re|>ort  on  trials  made  wiui  old  locomotive 
boilers.)    3s.  No.  S555 

PERMANENT  WAY. 
Eeonomie  Qassttons  In  the  Upkosi  of  Ihaok. 
Waas.     (Wirhtchaftsfragen  der  Gleisunter- 
haltung.)  "  Z  Oest.  lng.Arch.V."    Vol.  <i5. 
20.  p.  410.     IS,  (ill.  Xo.  8330 

Track  Inspection  Car.  F.Ka-.  H.  H.  "  l-ing. 
News."    Vol.  70,  14,  pp.<ioo-i.    111.  2s. 

No.'8557 


Oanses  of  Wear  and  Deterioration  of  Road- 
ways. HtwEs,  1.  j.  "  En.1:;.  News  "  Vol. 
70.  13,  p.  387.     .  Nci.  8358 

Analysis  of  a  Broken  RaiL  Railway  .\ge 
Gas."  Vol.  55,  14,  p.  f>2 }.  IS.  <.k1.  No.  S559 
Hotas  on  Rail  Bonung.  Rhea.v.  "  Coal 
Age."  Vol.  4.  13.  pp.  45V-8.  lU.  (The 
comparative  costs  in  power  expended  with 
two  types  of  rail  bonds  arc  here  discussed 
an<I  till-  ^l■^^lllt^  compared  upon  the  basis  of  a 
one-mile  track  of  40-lb.  rails  per  year.)  IS. 

No.  8560 

ROLUNG  STOCK. 
All  Steel  Cars  for  the  Union  Traction  Com- 
pany of  Indiana.  '  £1.  RaU.  Jl."  VoL  ^2. 
13«  PP' 498-500.  111.  (A  complete  descnp- 
tioa  of  the  all-steel  inter-uroaa  ears  re- 
cently ordered  by  the  Union  Traction  Com- 

Siinv  of  Indian.i  '  Xo  S3M 

ew  Ught-Weighi  Express  Cars  of  the  Bay 
State  Street  Railway.  "  i:i  Kadw  Jl." 
V<il.  42,  13,  pp.  4i>i-3.  111.  (Description 
of  new  rolling  stock  with  detailed  weights 
and  special  features  planned  to  provide 
maximum  carrying  capacitv  in  fast  express 
service  on  lines  south  of  Boston.)    is.  6d. 

No.  8562 

Stool  Can  la  a  Pennsylvania  Collision. 

"  Railw.  Times."  Vol.  104,  14,  p.  321.  111. 
(.\iitomatir  Train  sto|>  required  for  nciitr^i- 
lism;;  human  error.)     is.  No.  ^3''3 

Drop  Test  of  Heat-treated  Chrome-Vanadium 

Wheels.  "  Railw.  Eng.  Rev."  Vol.  33,  4(), 
pp.  940-1.    111.     IS.  Xo.  85'>4. 

Btool  Frame  Box  Gars  for  tho  Frisco.  ' '  Kail- 
way  Age  Gsiz."  Vol.  55,  14.  pp.  609-14. 

7  fig.    (l>esigne<l  to  be  waterproof,  burglar- 

pnK)f,  grain-lcakage-proof  and  to  protect 
the  ladini;  fri)rn  damage.)  is.  fKl.  X"o.  S565 
Freight  Car  Troubles.  I  ritts.  J.  C.  '  Rail- 
way Age  Gaz  Mech.  Ed."  Vol.  87.  10, 
pp.  .351-4.     lo  lig.    IS.  (xl.  No.  85OO 

Increasing  Freight  Car  Port ormaneos.  Rilsy, 
C.  C.  "  Railway  Age  Gaz."  Vol.  55.  13. 
PP-  555-7-    «s.  6d.  No.  8567 

BIGNALLING. 

Signalling  Conditions  on  the  Pennsylvania. 

Krnri,  A  11.    '  Kad\\ ay  AgeGaz."     \  ol  33, 

14,  pp.  '1J3-').      IS.  Ik].  Xo.  83<>8 

Lancashire  and  YorkshlN  RaUway  Train 

ControL  "  Fuiijinecr."  Vn!.  lof..  ^.015, 
pp.  3S4-5.     111.     IS  .\o.  83*19 

Autbmatio  SigoalUng  Systom  on  High  Speed 

RaOways.  Wehlano.  O.   (Das  selbsttatige 

Signal  system  auf  Schnellbahncn.)  "  ETZ." 
Vol.  34,  29,  pp.  815-7.  Ill-  (In  this  article 
only  the  principle  of  the  system  is  d  esc  r  d  <ed . ) 
3s.  6d.  Xo.  8370 

Running  Past  the  "  Stop  "  Signal  on  Inclines. 
Maktkns,  H.\ns  .\.  (Das  Leberfahren  des 
■•  Halt  "  Singals  auf  G(tfa]Istrft:ken.) 
"  Organ."  \  i>l.  30,  18,  pp.  329-30.  (Pro- 
posal to  ])ut  warning  signals  for  calling  the 
attention  of  the  braknnen  to  the  chanes  of 
gradients.)    as.  fid.  No.  8571 

Telegraph  Lines  for  Telephony.  Utiliiation 
of  Existing  Circuits.    "  l  inux  F.n-.;  ^'M'I'  " 

KII  i,    (40,  p.  21.      IS.  Xl  i     >  ,7J 

Electric  Interlocking  Frames  of  the  Central 
StatlMi  at  HniiBibo^  Lbu-bnthal.  (Die 
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elcktrischcn  .Stollwcrko  ties  Hauptbi^nhofes 
•  Niimberg.)  *'  Orgao-'"  Vol.  50,  itt.  pp. 
a85-9;  17.  PP>  303-7.'<8pp.  32i-2(>.  (Lock- 
ing fnnie*,  camnt  sttpjdy,  signals  and 
switch  levenj   los.  6d.  No.  8573 

Aiitoiiuttc  Tdcptfli  Apparatus.  "  Gt. 
West.  Railw."  Vol.  25,  10,  pp.  324-5. 
3  t'K     IS.  No."  8574 

Railroad  Signal  Systems.  Kudo,  .\.  H. 
"  Engin.  Maf-a/."  (N.Y).  "Vol.  46,  i.  pp. 
102-5.    ^  *«g-    is-  No.  8575 

Cab  Signals  and  Train  Stops.  Dammond, 
\V.  H.  "  Cass.  Eng.  Mly."  Vol.  44,  4,  pp. 
240  8.    III.    IS.  No.  8576 

Battmy  VmXBM  in  tte  United  Kingdom. 
*'  RaOw.  News."^  Vol.  100.  2,59(),  pp. 
53«-8.  Ill  :  2,507.  pp.  508-70.  Ill,  (Sig- 
nalUng  instnuntnts.    Doublo  lines.)  2s. 

No.  8577 

The  Detroit  Automatic  Train  ControL 
"  Railw.  Gaa."  Vol.  19,  13.  pp.  338-40. 
Ill     IS.  Xo.  8578 

Watch  Inspeetion  on  High-Speed  Interarl>an 
Bailmii*  in  the  Central  West.  '  £1.  Railw. 
ji."  Vol.  42.  13.  pp.  501-3.  Hi.  (A 

description  of  the  watch  m^pcrtion  methods 
employed  by  the  Aurora,  lilgin  cV  Chicajio 
Railroad,  the  Illinois  Traction  system  and 
the  Chicago  and  Milwaiikt-o electric  railroari.) 

IS.  i>i:.  So.  S^jfj 

Interlocking  Distant  Railway  Signals  with 
noek  Telegraph  lulnUBMiti.  "  Elee- 
tricity."   Vol.  27.  X.195.  p.  631.  6d. 

No.  8580 

Movtnc  a  Signal  Cabin  without  Interruption 
efSarrlee.  Niemann.  (Vcrschichung  cincs 
Weichcn-und  Sinnalstellwc-rkis  im  HctriclK.-.) 
"  Z.  Ver  n  Ing  ■'    Vol.  57..  40.  pp.  1,591-3. 

111.    •    '1  No.  8581 

STATIONS  AND  SHOPS. 
Shops   of  the   Western   Paeifle  Railway. 
Saeramento.    Cal.   "  Railw.    Eng.  Rev. 
Vol.  53,  38,  p.  881.    111.    IS.         No.  8581 
OU  and  Naw  OariioiiMi  at  Berlin,  Germany. 
"El.  Railw.  Jl."   Vol.  42.  14   j)p.  f.44-7 
III,     (Brief  descri])f inns   are   presented  fci 
show  changes  in  the  carhouse  constriu  tion 
standards  of  the  great  Beilin  Street  Rail- 
way.)    Is   («|  No.  8583 
New  Locomotive  Repair  Shop,  Elgin,  Joliet 
and  Eastern  Ry.,  Joliet.  III.   "  Kadw.  v.nfi. 

IX.— Automobile 

GENERAL. 

Motor  Transport.  Stephenson,  W.  T. 
"  .Mach.  Mark."  Vol.  1.913.  O74,  p.  20. 
(With  special  reference  to  tlw  carriage  of 
goods.)    6d.  No.  6595 

Motor  Onalbai  Aeeldentt  in  London,  Eng- 
Inad.   Wilson.    H.    R.   "Eng.  News." 

Vol.  70,  12,  pp.  550-2.    28.  No.  H59'> 

The  Motor  Truek  in  Contracting  and  Con- 
Struetion  Work.  Hutchinson.  R.  W. 
"  lingin,  MaKaz."  (N.Y.)  Vol.  4'>,  i,  pp. 
77-94,     i'>  fiji.    2s.  No,  8597 

Petrol  Rail  Motor  Cars  in  Shop  Service. 
Mayk.  (Benzin-Kraftwagen  im  W'erkst&t- 
tenbetiieb.)   "Organ."   Vol.  30,  17.  pp. 

iio-ii.    111.    38.  6d.  No.  8598 

Mm  VlildM.  "  Brewer  Maltster."  Vol. 


Rev."  Vol.' 53,  6b,  pp.  927-30.   111.  is. 

No.  8584 

M»OiiilndltatMn«tlftwTtrtE.  (NonveUe 

Gare  centrale  de  New  York.)  "  Rev.  Gen. 
Chem.  Fer."    i<)M.      pp.  m7-.^8.    2s  (xl. 

Nn,  S5S5 

Mow  Carhouse  and  Shops  at  Dayton,  Ohio. 
"El.  Railw.  J  I."  Vol.42,  12,  pp.  450-4> 
111.  (A  combued  carhouse  and  shop  with 
brick  walls  and  reinforced  concrete  columns, 
floor  and  roof.)    is.  6d.  No  8586 

New  Methods  of  Distributing  Time  in  the 
Shops  of  the  Indianopolis.  Traction  and 
Terminal  Company.  "  Kl.  Railw.  Jl."  Vol. 
42,  12,  pp.  464-5.    IS.  6d.  No.  8587 

Canadian  Northan  Montreal  Terminal 
"Railw.  .Arc  Gaz."  Vol.  55.  15,  pp.  651-4. 
t>  fig.  (Priving  a  tunnel  <.25  miles  long 
under  "  .Mount  Royal  "  to  reacli  new  pas- 
senger station  in  business  district  of  citv.) 
IS.  (yd.  No.  8588 

New  Coal  ClassiOcation  Yards  of  the  fUiai- 
dalnUa  and  Baading  By.  at  St.  Glair,  Pun. 
Ward.  J.  S.  "  Eng.  News."   Vol.  70,  12, 

pp.  54«-8.    IlL    22.  No.  8589 

WORKING. 
Organization   for   Handling  Refrigeration 
Transportation.  Leeus.J.S     "Hallway Age 
Gaz."    Vol.  55,  M,  pp.  509-71.    IS.  Od. 

No.  8590 

Galoniation  of  Tlmas  and  Speeds  of  Trains 
fMB  Units  of  Loads  of  Looomotlves.  Von 
Strahl.  (Die  Berechnung  der  Fahrxeiten 
und    Gescnwindigkeiten    von  Eisenbahn- 

zu},'<n  aus  den  I'.elastunKSgrenzcn  der 
Lokoinotivcn.)  '.'  Glas  er."  Vol.  73.  5, 
p.  8O-91.  111.  h.  pp.  99-104.  111.  (The 
problem  of  compiling  time  tahles  in  the 
most  economical  manner  is  discussed.  53. 

No.  8593 

Soma  FlMMh  Rtf  way  Sarvioss  and  Looo> 

motive  Performances.  Burtt.  G.F,"  Kailw. 
News."   Vol.  100,  2,597,  pp.  578-9.  IS. 

No.  8593 

MISCELLANEOUS. 
Franco  British  Travel :  The  Channel  Tunnel. 
■  Kadway  News."   Vol.  100,  2.595.  PP- 

502-8,    IS.  No.  8594 


Engineering. 


32,  8.  p.  127.    111.    (A  study  of  cost  in  horse 
drawn  and  motor  tmcks.)   as.     No.  8599 
BODIES. 

The  Cabriolet.    A  New  Body  Type.  Mercer, 

G.      j,  ,\ll1i>ninl.llc  "      \'nl,     29,     13,  pp. 

55<>-h.    111.    IS.  No.  8000 

DB81GI1  AMD  MAMUFACTURJE. 
Onat  Bavtns  ht  Woiiiit  is  nhetod  by  tbo 

Use  of  a  Higher  Speed  Motor  than  Btfidfod 

with  Bevel  Drive.  '  Automobile."  VoL 
29.  \2.  11)1    3.;i>-i      111      IS.  No.  860t 

Centrifugal  Force  Pressures  on  Crankshaft 
Journals.     "  Int.  Cnml)   Knu  '  ^  i.55. 

pp.  O37-9.  111.  (A  plea  for  balance  weights 
m  four  and  siir  cylinder  engines.)  is. 

No.  8602 

Boorat  AstonoMla  DoslgBS.  Klinkbiibbrg, 
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MAGNOLIA  COPPER 
HARDENED. 

WRITE  FOR  OUR  GUARANTEES. 

MILLER  ANTI-FRICTION   METAL  CO.,  LTD., 

GORE  STREET, 

MANCHESTER.  


MAGNOLIA  METAL  manufacture 

TEN  THOUSAND  FIRMS  MlJlliS^ 
TESTIFY  AS  TO  ITS  MERITS.  HElMireB. 


Crover  Spring  Washer"   Nut-Lock    FISH  BOLTS 

•MM*  moU  ACTIVE  ENERGY  lo  «i«U'»<«  w  PASSIVE  RESIST ANCK.   V??.?!.*'^ 


ROLUNQ 


ACTIVE  ENERGY  lo  mddittoo  lo  PASSIVE  RESISTANCE. 
Miui*  In  win  «m      tMt*  ff^m  Ain.  to  4  In  Dfamatav. 


SIGNAL 

WORK,  * 

GENERAL 

PURP08E& 
ELECTRICAL 
WORK*  Ac. 

(C«rtMad  Sato,  18.a1s.f40  (J4,oao  altoa).    Now  OVBR  ONE  HUN0R80  AND  PIPTBON 

Tn    WHARF  ROAD, 
CITY  ROAD, 
LONDON  N. 


QROVER  &  CO.,  L' 


GLENF1ELD&  KENNEDY,  Ld., 

KILMARNOCK. 

Sluice   Valves,  Hydrants,  Air  Valves, 
Stand- Posts,    Relief    Valves,  Steam 
Stop  Valves.  And  aU  ekiMt  ol  Water  Fitliiig> 


ACCUMULATORS,  PUMPS. 
HYDRAULIC  MACHINERY. 

Penstocks,  Flushers,  Sewerage  Fittings. 

ASHLEY'S  DEEP  WELL  PUMPS. 

Kennedy's  Patent  Water  Meters. 


til  vaB. 
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I'kitz.  (Neuirc  Automoliil-Konstruk- 

tionen.)  "  ^Iotorwagen."  Vol.  24.  j)]). 
Sgj-iMi^.    (The    6/t8    Windhoff-Chassis  is 

<li-^rrihi  (!  )      js.  No.  S'lO^ 

DETAILS  AND  ACCESSORIES. 
The  Preblem  of  Elaetile  Ught  "  Auto." 
Vol.  18,  40,  pp.  3-4.    III.   (Description  of 
a.large  number  of  lighting  sets.)  «>.1. 

No.  8«>o.| 

Starting  Devices  (or  Automobile  and  Smalt 

Boat-motO  S.  (.\nl<l^s^(lrru■htunl;^•n  fur 
Aiilomobil-umi       kli-itic  Hootsinoton-ii.) 

.Motorwamn  "  \"ol.  i«>.  2i.  pp.  551-2. 
III.;  J4,  pp.  '«>v7  :  20,  pp.  O47-52.  (Dif- 
ferent makes  are  discussed.)  (js.  No.  8(>o5 
HewUffhttncBVauiA.  "Motor."  Vol.24. 
4i6,  pp.  $94,  in.  (The  Stereoi  car  lighting 
dynamo.  A  mechaniod  output  control 
-system.!    '.<l  No.  860O 

Study  on  the  Steering  of  Motor-Cars.  Nf.^ssoT. 
P.    il\tmli-   siir   la   (lir<-i'(ir>ii   dfs  \uiturts 
autoini>l)ilis.)      ■  Kcv.    .Mtr."     NUI  v<- 
<M>-j.    111.    is.   Ul.  Si<  S'lo; 

T«t  ConMrning  Shock  AbsorptlOD  of  Motor 
Can.    BoMTK.   E.    lA'crsticne   fiber  die- 
Abfedening  von  Kraftfahr/<'ii}.:i-n.)  "  Motor* 
ivagen."   Vol.  r6,  2u.  pp.  4M-7.    III.  is.' 

No.  H<<oH 

The  New  Sinks  Two-jet  Carburetter.  "  .\iito- 

<iir/'  \'(>l  ^i.fM/.  [■  ' '''  111  iWastrof 
fuel  ]>rf\  cntfd  \>\'  .iiiti  iiii.iticalK  lIusciI  jcts.i 

The  Benold  Carburetter.  (Der  Hcnoid 
Veigaser.)  "  Uhland.  Spec.  Ed  II  ,  ». 
49-50.  (Deacriptioa  of  Benoid-Gas 
It  with  accessories.  Examples  showing 
economy  in  working  )  2s.  f>d.  No.  8610 
IBM  and  Exhaust  Piping.  "  Cvclecar." 
Vol.  2.  pi,  p  401.  Ill  iSiii^Kcstion  for 
faciiitatin>.;  tlie  How  of  th<'  ^;a-<c's  )  'xi. 

No.  Mill 

FImU  Chfrnher  Oeelgn  and  Requirements. 
"  Automobile."   Vol.  29,  12,  pp.  504-5.  is. 

No.  8612 

Temperature  Umlti  In  tembwIlaH.  "  Aato> 
mobile."   Vol.  29,  i^,  pp.  598-600.  Ui. 

(Air  dilntion  sets  limits  of  explosion  and 

non  o\-r>lovii>n  lYactici"  and  tht'or\'  in  ratifi 
of  fiH-'l  to  air  in  nii.vtiiri's  )  is.  .No.  i«>t  ^ 
Valve  Timing  and  Fuel  Economy.  "  .\iito- 
car."  \'ol.  \i.  9^7-  111.  (The importance 
of  correctly  designed  cams  tO  ensure  koo<1 
carburation.)    (xl.  .No.  .S*>i4 

Calibrating  Speadonttm.  "  Autocar." 
Vol.  31,  938.  pp.  ttttj.  lU.  (The  efiect  of 
tyre  deprcs-sion.)    fid.  No.  8M5 

ThB  T.A.T.  Dynamotor.  "  Autocar  "  Vol. 
^l.  010.  [>  7^f>.  Ill  ( A romhinetl  lif^htin^ 
ih  naiiin  anil  cnj^inf  .starter  vMthmit  (iit  mit 
or  sli[)  (!i\iifs  ami  iiiiinune  from  h.uk- 
fires.)    <h1  .  No.  suit, 

Engine  fiffleleney  Indicator.      "  Motor." 

Vol.  24.  615,  p.  111.    (A  new  gauge 

to  indicate  any  falling  oil  in  the  eAiciency 
of  an  engine)    6d.  No.  8M7 

ELECTROMOBILES. 

I  Charging   Elect  ic   Vehicles        .Autocar  " 
I    Vol    31,  «.  i<..   p.  5'.s.    111.    (Effort  to  he 
'  made  to  anange  lor  numerous  and  properly- 
equipped  stations.)    Tid.  Bio.  8618 


The  Puller  Block  Storage  Battery.  "  Com- 
mercial Motor."  Vol.  18,  445.  p.  102.  111. 
(.■\n  accumulator  having  remarkable  re- 
ctiperative  powers  and  which  is  undamaged 
by  short  circuits.)    6d.  No  8019 

Central  Station  Go^pamtion  in  the  Eleetrie- 
Vahlelt  ladMtfy.  Martim,  D.  S.  "  Engin. 
Magaa."  (N.V.).   Vol.  46,  i.  pp.  45-52.  2s. 

No.  8020 

FUEL. 

The  Fuel  Question.  CRiTriiLrv,  |.  S  "Int. 
("i>mh  \'ol.     <.    y<.    i>p  hiiti-ji. 

(['residential  address  to  the  Institution  of 
.\utomofaile  Engineers,  delivered  on  October 
8th.)    18.  No.  mn 

Solflng  tka  Fn«l  P'oMam  for  the  Motor 
Ttmik  Sladson,  H.  W.  "  Machinery." 
Vol.  20.  2.  pp.  121-4.  111.  (Characteristic 
of  kerosene  as  a  fuel  for  internal  combustion 

cii^iirii  s  I     2S.  -No.  1S022 

Petrol  Substitutes.     "  .\utocar."     \'ol.  ^i. 

pp  578  ;  9.i7,  P-  tJi*>-    (A  review  of  the 
situation.)     IS.  No.  8<>23 

Benzol  as  a  Motor  Fuel.   "  Vulcan."  Vol. 

10.  112.  pp.  75-0.     IS.  .No.  8024 

fttnl  and  Btniol  as  Motor  Fuels.     "  Jl. 

Gas  Light."  VoL  124.  2,031.  pp.  142-3. 
(Prmluction.  compression  and  utilisation  of 
bcn/ol.)     IS.  No.  8625 

MILITARY  TRANSPORT. 
Manoeuvres  and  Motors.  "Motor."  Vol.24, 

'115.  111.  (  I  Ins  \  t-ar's  .\rmy  e.KtTcise  has 
proved  remarkable  for  the  extent  to  which 
troops  in  the  field  have  depended  upon 
petrol  for  direction,  transport,  reconnaissance 
and  signalling.)   6d.  No.  8626 

Holnn  in  the  Freneh  Amy  Manoeuvres. 
"Motor  Traction"    Vol.  17,  447.  p 
111.    hi\.  No  8027 

Adoption  and  Use  of  Military  Power  Wagons. 
Subventioned  by  the  State.  Limi:ma.s-n. 
Richard.  (VerbreituuK  und  Verwendung 
der  staatlich  subeentioniertcn  Anneelast- 
zUge.)  "  Motorwagen."  Vol.  16,  24,  pp. 
635-7.  (825  trains  of  freight  cars  have 
been  subventioned  in  Germany  during  the 
last  five  years.  On  March  3it»t  of  last  year 
1.200  frci^;lit  <  ars  and  trains  rcsjicctu  cly 
were  thon  .i\ .iiLiblV  for  the  .\rniy  in  the 
case  I.J  \\,ir  I  No.  8628 

MOTOR  CYCLES  AND  CYCLE  CARS. 
The  Zi  H.P.  Humber  Motor  Qydo.    "  Int. 

Comb.  Eng."  Vol.  5,  55.  p.  641.  HI. 
(Design  for  a  y*o  cubic  centimeter  engine  on 

norin.d  Iwir-s  1     is.  No  Sf>2g 

Cycle  Car  Lighting.  "Cyckrar  "  \  ol  2, 
I'l  p    (No     'is.  No.  S<>30 

The  Cycle  Industry.  Sai  i:rackkr.  K.  (Die 
Industrie  des  Fahrradi  s  1  "  Mi-tallind." 
Vol.  5,  i<).  pp.  <>-g.    IS.  jd.  No.  8031 

NEW  TYPES 
FIro  Brigade  Motor  Can  of  the  Beniworko 
nlflOfgonan.  (DieFeuerwehr-Fahrzeugeder 
Benxwerke  T^aiiK-inau.^  "  MotonvaRCn.** 
Vol.  ifi.  24  pp.  .-(0  1  7  (Description  of  Motor 
I-'irc  r'n^^incs,  autdiDoiiilc  .imi  adjustable 
l.iddiT.  <  ars  Inr  nii  ri  and  a<  >  1  s  1  2S- 

Vo,  ht<\2 

40  Horse-Power  Petrol  Wagon  Motor.  '  En- 
gineer."     Vol.  106.  3,013,  p.  333.  111. 
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BORE  •  HOLES 

for  MINERALS.  ARTESIAN, 
BRINE,  and  OIL  WELLS. 


YOU  CAN  PUMP 

1|000  GALLONS  OF  WATER 

From  aa  Artesiao  WeJI  on  your  own  Premitea 

for  lid. 


Let  me  know  the  amount  of 
water  you  require  and  I  shall 
be  pleased  to  quote. 


Telephone  : 

No.  60  BCCLES, 


JOHN  R.  THOM, 


Canal  Works,  PATRICROFT.  England.  P 

CONTRACTOR    TO    H.M.  GOVERNUENT. 


Telecramt : 

THOM 
PATRICROFT." 


HOWDEN'S 

PATENT 

FORGED  DRAUGHT 

WITH  THE  LATEST  PATEHTED  IMPROVEIllEIITS. 
Giving  Increased  EcDnomv  ami  Kffitifncv. 
IM  USB  BY  TM«  PRINCIPAL  aTKAMSHIP 
OOMPANICB  OF  THE  WORLD. 
OVER 

10,000,000  I.H.P,  wSSk 

FANS,  CNOINE8,  RETAROCR8. 

JAMK8  HOWOEN  &  CO..  Ltd..  QLASCOW 
/^p»*™  BILilTKR  BQUARK.  B.C. 

i»'«Krai«»— ••  Howd«o,  olufix.     ■■  T»rf«nil»l,  I^n<li>n  • 


THE  WELIN  DAVIT  &  ENGINEERING  CO.,  LD. 


PATENT  DAVITS. 
PATENT  BLOCKS. 


PATENT  BOAT  CONTROLS. 
PATENT  CHOCKS. 


OVER  3, 5 00  COMPLETE  SETS  FIHED. 

5,    LLOYDS    AVENUE.     LONDON.   E  n         Tclrphonr : 
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(BoUt  by  Walker  Brothers,  Ltd.,  Winm.) 
IS.  No.  8633 

A  N«w  Design  for  Daimler  Car.  "  Motor." 
Vol.  24.  ')i5.  p.  V'i-  m.  (Combinttl  gear- 
box and  rear  axle.  Cantilever  type  rear 
springs.  Mechanical  starting  apparatus. 
6cl.  No.  «<)i4 

Four  AuMiMB  GhMils  Models  for  1014. 

"Automobile."  Vol.  29.  13,  pp.  566-8.  II!, 
IS.  No.  8f>i5 

Tke  Sanford  One-ton  Motor  Truck.  "  Comm. 
Motor."  Vol.  is.  4}.s,  pp.  i.;St)  ill. 
(Detail  of  an  .VintTican-built  maclime  now 
on  the  English  market.)  fxl.  Mo.  8(>3(> 
Ita*a  Business  Motors.  "  Motor  I'rartion." 
Vol.  17.  .}  p;,  p)>.  4'>3-(i.  111.  6d.  No.  8'i{7 
flmiBMi  Cars  for  1814.  "  Autocar."  Vol. 
3>*  939.  P-  722.  111.  (Details  of  the  new 
tufii^ylinder  60  by  tao  in.iii.  model.)  fid. 

No.  8fn8 

The  25-8()  H.P.  Six-cjrilnder  Studebaker. 

-Autocar."  \'oi.  ?i,  <h''.  pp.  .S'"*  70.  111. 
(iiorf  an<i  stroke  90  In  IJ7  m.m.  .Monobloc 
engme.  llltn  tiK  lif^litinj<  and  rngme  start- 
ing.) <Ki.  No.  86^9 
Ths  1914  Panchard  Cars.  "  Autocar." 
Vol.  31 ,  936,  p.  581 .  (Four  models  of  similar 
design,  two  with  knight  engines  and  two 
with  poppet  valves.)  6d.  •  No.  8640 
lie  12-15  H.P.  Slzalre  NaUdln.  '  .\utntar 
Vol.  u.  <)V>  I'  111  (Four  i  vlm(lL'r.s 
75  by  iji  mm.  1  our  sjiettis.)  (k1.  .\o  8O4I 
The  New  15-9  Arrol-Johnson.  "  .\iitocar." 
Vol.  31.  Q^7.  p.  (.^2,  111.  (Stroke  reducttl 
to  120  m  m.  A  new  four-cylinder  20  g 
model.  91  by  140  m.m.)  (id.  No.  8643 
Swift  Cars  for  1914.  "  Autocar."  Vol.  31, 
937.  P-  <>i9>  111-  (Two  new  models  and 
an  improved  light  car  with  two  cylinders  ) 
6d.  No.  804  i 
The  15*9  H.P.  Cheswold  Car.  '  .\utocai.  " 
Vol.  <i.  «}<;,  p.  (>25.  111.  (.\  Vorkshire- 
built  car  <<u  a(npt<i!  >;eneral  lines  with 
special  pointsin  dt-tad  designs  )  «k1.  No.  h<)44 
Ths  40  H.P.  Lorraine-Dietrich.  "  .\utocar. ' 
VoL  31.  937.  p.  029.    111.    (Four  cyhnders. 


125  by  170  m.m.  Two-jet  carburetter 
of  special  desif^.)    »«d.  No.  8(145 

Ths  Tweenle  Light  Car.  "  Autocar."  Vol. 
.^i.   Q?7,   p  f Four-cylinder  engine. 

05  l>\  no  m  til  anil  stroke.  Friction  trans- 
mission with  luial  drive  by  single  chain. 
Friction  differential.)    <xl.  No.  864O 

Four  Daimler  Modsls  for  1914b  "  Autocar." 
Vol.  II.  9<7,  p.  61a.   fid.  No.  8647 

The  New  De  Dion  Models.  "Autocar.'* 
Vol.  31.  9  57.  p.  004.    (td.  No.  8648 

The  1914  'B.S.A.  Car.  "  .Autocar  "  \'ol.  31. 
938,  p.  635.  111.  (Particulani  of  tlu- new 
standard  type  of  body  and  other  details  1 
od.  No.  h''4y 

Tha  B4«  Damei  Cars.     "  Autocar."  Vol. 

938.  p.  6S1.  111.  (Three  models  with 
pop[>et  valve  engines.  Commendable  varia- 
tions in  chassis  details.)  fid.  No.  8650 
1914  Grsgoirs  Cars.    "  Autocar."  Vol.  31, 

'mS.  [)  '.S5  111  f.\  new  moilel  with  a 
1  head  engine  and  two-spark  magneto.)  Od. 

No.  8651 

TYRES. 

ThtHnbslansed  Wheel.    "Motor"    Vol.  24, 
615,  pp.  245-6.    111.    (The  interesting  prob- 
lem which  has  set  many  minds  to  work. 
Some  further  attempt  at  solution.)  6d. 

No.  8653 

The  Warland  Dual  Rim.   "  Autocar."  VoL 

31.  <m8  p.  <>*i3.  III.  (How  it  exceeds 
the  tdsaiitages  nf  a  detachable  rim  ami  a 
detarhahlc  lian^'e  1     '>d.  .No.  8'>53 

MISCELLANEOUS. 
The  Future  ol  Motor  Shows.  Sturmev.  H. 
"  .Motor."  VoL  24,  016,  pp.  391-2.  IIL 
(The  dimculties  of  providing  accommodation 
at  Olvmpia  and  tne  suggestion  of  splitting 
the  show.)    'k1  No.  8654 

Does  It  pay  to  Buy  Second  Hand  Motor 
Cars?  Kosn.  Ai>  1  l.ohnt  es  sich.  gebrau- 
chte  .Xutoiniilule  /ii  kaufen  ?)  "  Motor- 
wagen  '    \ Ol  ]>!>.  <>32-54.  (Exam- 

{Ues  showing  when  it  is  advantageous  ^to 
pyrBhase  a  second  hand  motor  car  )  2s. 

No.  8055 


JL-WpMltfins  aid  MariM  EagliNtfliiE. 


OBNBBAL. 

Lloyd's  Register  of  Shipping.    "  shipbuild. 

Rcc."  Vol.  2.  10.  pp.  4<)u  4  (.Annual 
report.  1012-1  <  i     is.  '"i  -Ni>  S<»5fi 

Low  Prices  for  Good  Work  in  the  Shipbuild- 
ing Industry.  Ho<  hstetter,  F.  (Schlechte 
Prcisc  fuer  gute  Arbeit  im  Sihitlliau.) 
"  Ueberal.."   Vol.  16.  i,  pp.  8-13.    zs.  (hI. 

No.  8657 

BsraMa  liluid  NavfgallM  tmm  18M  to 
lMt»  Tkubhit,  Oskar.  (Deutsche  Bin- 
ncnsdiiAshrt.)   "  Schiffbau.     V^oL  14,  20. 

pp.  841-51.      III.     31.  pp.  887-98.  (is 

.No.  8(.3f> 

Bovtiopment  and  Status  of  German  Sailing 

Sport.  v<).\  Vii:ii.\n.\.  F.  W.  (Entwicklung 
ond  Stand  des  deutscher  Segclsports). 
"  Schitlbau."  \  o|.  14,  22,  pp.  933-40.  III. 
3s  No.  8659 

Tho  HotlioriaBd  MavlgaUon  EihiMtloa  at 
AwtWiaiB.   KiBLHOKN,  C.   (Die  nieder- 


landische  Schll&hrts-Aussteittng  *a  ARts> 

ter.Iam  )  "  Schiffbau."  VoL  1 4,  24,  pp. 
1,040-44.     ^s.  No.  %w 

AUXILIARY  MACHINERY. 

Bending  Stress  on  Mast  Fittings. IB- St  if  >. 

iKtRST.  J.  (BicgiinKsheanspnicluiti'ri  vdh 
•Mastbcschlaijen  I  '  Si  hitlhau."  Vol.  14.  21, 
pp.  899-904.  III.  (Determination  of  Ixrnd- 
ing  stress  of  simple  rivetted-on  rings.)  3s. 

No.  8WH 

Design  and  Calenlatlon  of  Vsntitattui  flaali 

on  Ships.   Knippint..    Entwurf  und  Berech- 

nung  \on  Lueftanla^ien  fuer  SchilTe.)  "  7.. 
\vi    0.  Kng."    \'ol    57,    u.  pp.   1. 218-23. 

Ill         .'^     <>.].  No.  Hf.()2 

Control  of  Motors  on  Moving  Foundations. 
De  Temple,  R.  (Kegulierung  von  Motorcn 
auf  schaukelnden  Fundamentcn.)  "  Ding- 
ier." VoL  328.  39.  pp.  6"-6.  Ill  (Con- 
trol on  shins  is  described.)  2s.  fid.  No.  8O63 
Tho  Hols-Shaw  MarUosau  Bloetris  HydiMdto 
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'Isherwood  System  of  Ship  Constructioii 


If 


Salt»bl«  (»r  AIX 
BPKOtAUT  ASVAMTAaKOUa 


of  V*u*l«; 
OIL  TAMI 


Strength. 

lnorM(*d 
Capacity  for 
■al8  Cooda. 

InorMued 

D.W. 
Carrying 
Capaalty. 

improvad 
VantilBtlofi. 


|l|n*duoed  Coat 

•r 

llalntMiaiiM. 

Raducad 

Vibration. 

272  Staamera 

Built  or 
Boing  Built. 

Raprasanting 
1,209,396 
Croci  Rag. 
Tom. 


For  particulars  apply  to-  J  '  I  SHE^RWOOD.   Tr''.«^»P''i';. ^''-'^f-*  • 

Telephone:  1064  Av.niic  •  •  » »  "  Ishercou  '  LoiuI-.k 

4^  LLOYD'S  AVENUE,  LONDON,  E.G.  >'ru>s  c  >  iumuf.rh  a  co .  .1  Kini  Ktrwi,  livehcool. 
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steering   Gew.    "  Page's  Wly."   Vol.  23, 

474.  j)p.  4h()-8.    in.    IS.  No.  8S64. 

BOILERS. 

BmM  BipcriMMM  ol  B»lMeek  Md  WUmx 
B«llm  for  IImIm  Pummm.  Rosbnthai.. 

J.  H    "  Inst.  Mar.    Big."   Vol.  aj.  aoi, 

pp.  i<)i-^42.    2s.  Od.  No.  8W)5 

CARGO  BOATS. 

TyplwUi  Sbipi.  "  Engineer."  Vol.  io(>. 
3,015.  pp.  390-3.   III.   (A  hartxiur  tug.)  is. 

No.  ^(Mi 

TlM  Hambourg  Railway  Perryboati.  Thele, 

\V.  (Die  Hambiiri,'is(-lun  I'lsenbahnfahr- 
si-hillc")  "  Sc  hitlbau,"  \'ol  15,  i,  ]>]>. 
(Constructional  dftails  ni  ihc  two  luw 
lerneii  built  by  the  Vulcanwerft  which  took 
for  their  model  the  Glasgow  ferryboats,  {s 

No.  «o<>7 

OttlMhip  **  ftMM,**  Flttad  wltk  Sehn«ldM<- 

OtoMl  BoglBM.  "Engineer."  Vol.  04,  240Y 
p.  488.  III.  (Constructed  by  the  Chan- 
tieTB  et  Ateliers  de  la  Gironde.  Boidcau  x  .1  is. 

No.  b*>t>& 

dubbl  ard  oil  brqires. 

TIm  Designing  of  Marine  Diesel  Engine 
Revarsing  Gears,  from  the  Practical  Point  of 
View.  HoTiiARMT  (>  (i'raktiM-hc  (".csi- 
chtspunktc  fucr  cicn  Entwurf  von  I'msteu- 
cruni^en  heiin  Schitlsriiesclmotor.)  "  Oel- 
motor."   Vol.  a.  4,  pp.  326-8.   3s.  6d. 

No.  8rt69 

A  Raw  Laaneh  Engine.  "  Int.  Comb  RnR." 
Vol.  \,  5«».  pji  'vst  111  IS  No.  8070 
Diesel  Engines  for  Driving  Ships'  Dynamos. 
L.\ri>.\M.v,  \V.  (Dii-sflm.iNi  tuiu-n  /utn  .\nt- 
rieb  von  liorddyiiamos  m  dcr  >lrut-><  licn 
Kriog.s-inarine.)  "  Oelmotor."  Vol.  2,  \, 
pp.  189-203.  III.  4,  pp.  289-109.  III. 
(Particulars  o£  the  requirements  laid  down 
by  the  German  Admiralt]|r  for  electricity 
generating  sets  of  this  description.)  7s. 

No.  8^»7i 

Relation  Between  the  Dimensions  of  Starting 
Valves  and  the  Starting  Phenomena  on 
Marine  Oil  BlghMH*  (BczchunKcn  /\vi- 
schcn  dem  Abmesaongen  der  Anfabrventile 
und  dem  Anfahrvorgang  bei  Schiffsoelmas- 
chinen.)  Abelein,  K.  "  Z.  Vcr  D.  Ing." 
Vol.  57.  ^i.  pp.  T. 223-7.    l^'K-    2s.  (kI. 

So.  Hujz 

Problems  of  the  Two-stroke  Engine.  "  Motor 

Itoat."  \'<il.  i<).  \S2.  p]).  23'i.  Ill,  (Some 
com|)arisons  (»(  ntsts.  \vci>;ht.s  and  (limcn- 
sioiis.)    «k1.  Xo.  f>«»73 

Labriaatlon  of  Marina-Type  Intarnal  Gombni- 
liOBBaiinas.  "Motor Boat."  Vol.  19.482. 
p.  261.   III.    (Faults  and  the  means  of 

overcominsr  them.)    M.  No.  8074 

DOCKS  AND  HARBOURS. 
Calculation  ol  Desks  and  Bulkhead  Walls. 
"  Eng.  Rec."    Vol.  68.  12.  pp.   ^25  III. 

g>iscussion   of    forces    and    Loads  and 
esign  of  structures  necessary  to  resist 
them.)    IS.  No.  8675 

Rainforoad  Ganerata  Baat  Ways,  Raakhavan 
Harbour,  RJ>.  M'  krow,  s.  r.  "  Eng. 
News."    Vol.  70.  14,  pp.  645.    III.  28. 

No.  8676 


Harbour    ConstruetioB     at  Kaba 
Yokohama,  Japan.  Hows.  W.  T.   "  Eng. 
News.".  Vol.  70,  12  pp.  356-7.    Ill,  2s. 

N'o.  S077 

Coal  Shipping  on  the  Great  Lakes.  "  Coal 
Aur."  Vol.  4,  13,  pp.  449-31.  HI.  (Atles- 
crintion  of  the  harbours  at  Toledo  and 
Milwaukee.)    is.  No.  8078 

BLBGTRIC  PR0PUL8I0R. 
The  Electrically-Driven  Cargo  Vassal,  "  Tma- 
mount."    "  ShiplniildinK  Kec."    Vol.  2.  t6 
j).  47<i.     III.     Is.  (xl.  No. 

The  Electrically-operated  Ship,  "Tyne- 
mount."  "  Ecctrician  "  \  ol,  72.  1.S48. 
pp  5.^-7-  "1  (An  mteresting development 
111  inuriru-  i>rupulsion.)  IS.  6d.  No.  8O80 
MOTOR-BOATS, 
■atarftaat  tor  tha  Oammaiidar  ol  tM  l«l«><  «t 
HsUgoland.  Drosbler  and  Manegolo. 
(.Motorttoat  fUr  die  Kommandantur  der  Insel 
Ikli^ioland.)  "  Schiffbau."  Vol.  15.  i. 
pp.  ii-K).  Ill,  (Normal  speed  lo-ii  miles 
|itr  hour,  mam  engine  ,  two  cyclo  njcscl 
motor  of  120  HI'.  :  results  of  trials  of  boat 
and  enjjines.)     ^s.  No.  SoSi 

Motor  Lannak  for  the  Port  of  London  Saal^ 
tanr  Anthartty.    (*<  Motor  Boat."   Vol.  19. 

182.  p.  2^16.    6d.  No.  8682 

[otor  Driven  Thames  Tog  and  Cargo  Boat 

"Motor  IJoat  "  \'ol.  i<),  4<){,  p.  282.  111. 
(The  economy  of  a  new  oil-cnf{inetl  (^-footer. 
A  saving  of  £i  .400  per  annum.)   6d . 

No.  HoSj 

Motor  Barges  on  the  Thames.    '  .Motor 

Hoat."  Vol.  iq.  4S2.  p.  207.  111.  (Ihe 
comparative  lack  of  progress,)    (k1.  No,  8084 

BaaDomy  la  the  Oparatton  of  Motor  Boala. 

"  Motor  Boats."  VoL  19.  481.  p.  2  35.  111. 
(The  emjilovment  of  heavy  oil  cnnines  for 
pleasure  craft.)    Ul.  No.  Hi>H^ 

Some  Types  of  Motor  Craft  In  North  America 
and  U.S.A.  "  .Motor  Huat."  Vol.  ly,  4S4. 
pp.  27(»-7.  III.  (Tendencies  in  motor  Imat 
nuistniftinn.)    tnl.  No.  8086 

MOTOR-SHIPS. 

The  lUasal  Blaaliia  Motor  Skip  "Tyn^ 
BannL**  "Motor  Boat."  Vol.  (9.  484,  pp. 

29.1-4.  III.  (A  new  vessel  for  the  great 
lakes  and  canals  of  Canada.)  f>d.  Xo,  8:t87 
Mew  11,000-ton  MotorShip.    '  Mot-.rn<.at  " 

\'o!.  ir),.|S;    ]^]^    i~ft-<>.      HI       iMi  >  )  |  !n;it  lOIlS 

ill  I'uriin  i-.'i  '  !  Mi-sel  Kni;nii-      1!    No,  Si>M!S 

The  Motor  Ship,  "Manuel  Nobel."  int. 
Comb.  Eng."   Vol.  3.  36.  pp.  658-9.  is. 

No.  at>S9 

Tin  Baatfia   MalonMp^  «*Tya«ikoiit*> 

"  Engineer."  V«>l.  106,  3,015,  pp.  381-2. 
III.    ts.  No.  Sftgo 

Working  Results  of  the  MS.  "  Kulandst  ck." 
Wksski  s,  C,.  ( Mctru'liM/rgebnissf  \<iin  Mo- 
tors, hitt  •  RnlarnKock")  "Oelmotor"  \ol, 
2  4.  )ip.  <2>i-  u.        ''il.  N'o-  '"^''yi 

Two  Notable  Diesel-Engined  Vessels.  "  Ship- 
ping Rec."  \  ol.  2.  16,  pp.  482-3.  (Vt\c 
t>Mn  .screw   motor  diip.  "  Pedro  Chriitto- 

ghersen,"  and  the  motor  ship.  "  California." 
uilt  by  Burmeister  Wain,  Copenhagen.) 
is  'h1  No,  Si\c)2 

The  Performance  of  the  MotorshIp,  "  Jut- 
laadJa,**   "Motor  Boat."   Vol.  19. 484.  pp 
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The  Kinetic  Air-Pump. 


Some  of  the  large  Kinetic  Plants  supplied  or  on 
order  for  Power  Stations, 


Mclbonnw.  N  aniviiir 

I'owef  Suiioii. 


Chii  ai?n  ,  

Mam  111  -iir  Cori><>ralioi| 

Lol»  Kuad,  LuihIou....  

Diuntoo  Corponitioa   

Dcptfovd  ..V7  

Ban  Moot  Powar  Sttlfam  

Mane  better   

London  

H'ltnitwrxinith  

Torpedo  Bo  t   

Cnuwr   

Vieniu   

Port  Ciaretice   , 

Libiac  

ViKana,  SiimneriiK  

CoMUatinople  , 


WrviniMllh  Pr<ipri«-tarv  Co..  foc 
Vulciriiiii  Stall'  Kaihvavs   


Ill.OdU  I 

in.ooo ' 

lO.OOOi 
10.000 1 
1 0,000 J 
25.(MK» 
I5.<><M) 
l&.OOU 
16.000 
10.000  I 
S.O00 
7.00C 
S.OOO 


Vienna.  Enferthstnuae 


Ayrrsoinc  I'ttwvt  Stalioa  

(irovr  Hnid.  Marlebone  

Huenos  Avm   ,  


lohaiinnbnrg 
Mrlboiirnr  . .  . . 
Ediiiiind»on<«  . . 
Vlckers.  Hd. . . 


,  ,.    u  ...... 

I«lin([loil   

KUrnwerkr  V'.ir<~s 
Phohu«.  Buiiapot 
\'icnti.»  Zillign^iliirf 

Itolton  Cor|H>r4tioii 

Edinund»on«  

Burv  C'lrpontion 

TrifiiN-r  

KUdiiu   


Mrlbournr  Corporiition 
Richani! 

H.MJS."  Pkaeion' 


..orijo 

Richardsons,  Westgarth  and  Co.,  Lid. 


Co  mm  on  wraith  Kdwon  Co.  —  K.  SaTgeSt  ....... 

Kit  h.irtlsons,  UVslRjrth  .ind  Co.,  Ltd... ......  • 

W.  H.  Alirn,  Son  and  Co.,  I. til  

RtebaRlMns.  Wettsartb  and  Co..  Ltd  

London  Electric  Supply  Corporation,  Ltd  

Mrrz  atid  Mrl>-|lau  

Manchc^tpr  ('or|K>r.ition  

C'oniitv  of  lAinilon  KIcctric  Supply  Co..  . 

Hc.r.i   I  l.-r   Works   ,   8,000 

Hriti'.h  Ailiniraity   ,   — 

Swrdi«h  Navy  ,   — 

Miiiii<'i|>al  liirr.  Works    (.000 

Men  and  McLrllan  .....I  t.000 

~  600' 

Municipal  Electricity  Works  «   i*  .noo 

Biec.  Ughtini  Co.   S.ooo 

,.         „    S.ooo 

  6.000 

Municipal  HIrciricity  Works   6.000 

»    awn 

„  ..   ;   O.IHMJ 

Mcrr  and  Mcl.rlbn    3.000 

Crntr.il  Kill  iru   Sii|.[.l\  (   :t.i»i»ii 

Biiram  .\\rf^  Western  Kailuav    e.OOU 

,.    «.000 

  6.000 

lohannrsbiiri;  .Muiiiripality   ,  3,000 

"  ■■  "  S.O0O 

6,000 
16,000 
7.600 

  7,600 

Richantsons,  Westgarth  and  Co.,  Ltd   3.000 

Erato  Bmnner   fl7)> 

  ."I.50l» 

  5.5<)0 

,   5,54)*" 

J.  .Muigravc  and  Som>  liv«3l  Ltd   4.000 

..    4.000  ' 

RkhardMBS,  Westgarth  and  Co.  Ltd   3  OOO  I 

J.  Mmgrave  and  Sona  (i9U)  Ltd   S,00o 

Brste  nrunner   t.iOO 

»        ,•   6.000 


3,600 
7,000 


SHP 


Condcnier 
Cooling 
SurUce, 
Square  Ft. 


m,ooo 


24.000 

so.uuo 

26,600 
S6.000 
6.100 
10.000 

la-stio 

6.000 
2,800 
6,600 
6.600 

I4.&im 

8,750 
8,760 
•.760 
11,600 

11,800 
11.800 

0.  100 

s.trio 

13,SUO 

IMOO 
11,600 

7.20O 

5.  <M)0 
5,125 

11. SOU 

6,  sao 

6.U0 

7.300 

1.  AI4 

Vt.l.'iO 

io,'.;j8 
I0,22fl : 
7,260 
7,260 
6.126 
6.400 
8.SS0 
6,160 


And  numerous  other  unaller  Imtallatiom. 


Contraflo  Condensor  and  Kinetic  Air  Pump  Co.,  Ltd. 

Head  Office :  \ 

Techiiiceil  OHtee: }  ^  ^^^''^l  Buildings.  Westminster,  LONDON,  S.W. 
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MimiLDiirc  AID  HABtn  noinnnva. 

^SV4     111     I'robable  modifications  in  the 

new  ships.)  <k1. 

Safety  Devices  for  the  Oil  Supply  oa 
Motonhlps.  Flamm,  O.  (Sicberbeitsvor^ 
hchturgen  far  den  Oelvorrat  an  Bord  von 
MotorschiffeD),  Schiflbau.  Vol.  14,  zx,  pp. 
941-47.  III.  (Description  of  aaf^stonng 
device,  system  Martini  and  Httneke  ) 

No. 

PASSENGER  BOATS. 
The  White  Star  Australian  Un«r, "  Ceramic." 

"  Shipbuilder."  Vol.  9,  38.  pp.  184-95.  111. 
IS.  0(1.  No.  8695 

Tkt  Large  Caiuidlaa  Lakt  ttMiB«r  **  Jmbm 

Carruthers."   "*  Shii.hnil<Ior."   Vol.  9.  38. 

Gp.  201-208.     III.     18.  'kJ.  No.  HftqO 

ew  Sea-Going  Tender  for  the  Metropolitan 

Asylums  Board.    "  Stiiphmld.  Rec."  \'ol. 

2.  10.  j)]).  .jSi  J      111     In  '.'I.  No.  «'>97 

New  Triple  Screw  Passenger  Steamer  for 
South  Amerleu  StnriM.  "  Shipbuikl.  Ship 
Rec."  Vol.  2,  15  p.  442.  (Launch  of  the 
"  Orduna,"  largest  steamer  engaged  in  the 

service  between  Europe  ana  the  West 
Co.a.st  of  South  .\merica.)  is.  fx].  No.  SftgS 
Passenger  Vessel  for  Use  In  Rio  Harbour. 

"  Motor  Boat."    \'»)l.  iq,  pp.  270.  ill. 

'kI.  No.  8699 

PROPELLERS  AND  PROPULSION. 
Influence  of  Steam  Propeller  on  Canal 
Beds.  (Ueber  den  Einfluss  der  Dampfer- 
schrauben  aof  Kanalsohlen.)  "  Schiflbau." 
Vol.  14,  21.  mi.  906-8.  (Tests  with  a  pn>- 
tectivc  plate  beneath  the  rudder  are  dealt 
with       s-'  No.  8700 

Influence  of  the  Propeller  Action  on  the 
Canal  Bed.  I-i  amm,  O  (nu  W  irkiiii^;<  n 
<lcr  SchiH.sschraube  auf  <lic  Ka^al^^^llllt•.) 
"  SchiUhau."  \'ol.  1 1,  2^,  pp. 
III.  (Report  on  trials  made  with  a  properly 
shaped  plate  applied  to  the  rudder  which 
protected  the  canal  bed.)    3s.      No.  8701 

SHIPBUILDING. 
Steel  versus  Wood  as  a  Material  for  Boat 
Building.    "  .Motor  lioat."    Vol.  19,  462, 
pp.  358-60.    111.    (Suitability  for  ditierent 

Surposea.)    6d.  No.  8703 

h*  Areb  Prinriple  «f  Ship  GomlraatloB.. 
PaKcs  Wly."   Vol.  33.  474.   PP   47  V5 
111.    IS.  No.  8703 

SUBMARINES  AND  TORPEDOES. 
Luge  Motor  Depot  Ship  for  SubmeitlWes. 

"  Motor  Boat."  VoL  19,  484.  pp.  303-3. 
III.    (k\.  No.  8704 

Centtruetion  of  Submarine  Boats.  Aare- 


sTRi  p,  (I'nter.scelxiiit  ,l>.iii  1  "  Schifl- 
bau." Vol.  14  20,  pp.  b«)0-(>3.  ( I  he  pre- 
sent status  of  the  siuHnarine  boat  industry 
is  dealt  with.)    38.  No.  8705 

The  Goers  PuufmBM  MMoye  lor  Snl^ 
marine  Boali.  (Le  PMaoope  panwamique 
Goerz,  pour  aoua-marina.)  "  Gen.  Civ." 
Vol.  63,   15.  pp.  389-91.   III.    2s.  od. 

No.  8706 

WARSHIPS. 
The  U.S.A.  as  a  Naval  Power.    Deiin,  P. 
(Die  nordamerikanische  Union  als  Flottcn- 
macht.)    "  Ueberall."    Vol.  10,  1,  pp  14-7. 

111.    3S.  6d.  No  .S707 

lapwun  Amoored  Craiaer,  *' Kongo.** 
GouRiBT.  M.  (Le  cnirass^-Crosieur  japon- 
ais  "  Kongo.")  "  Gen.  Civ."  Vol.  63, 
12.  pp.  27-30.  III.  (.\ll  cx[)erienre  ijainra 
from  the  Ku.ssian- [apan  war  have  been 
utilised  in  the  construe tmn  of  the  cruiser, 
which  was  launched  at  \'ick(  rs,  I5arrow-in- 
Furiifss.    on    .Ma\'    ihtli,    iyi2.)    2s.  od. 

Trial  Trip  el  H.M.8.  "  8arpedon«"  "  Page's 
Wly."  Vol.  33,  474.  pp.  4<»9-7»-  IM. 
IS.  No.  8709 

MISCELLANEOUS. 

Life-boats  for  Ships.  Mf.vf.r,  Fran.  \'. 
(Rcttun^;sl)ote  fur  Seeschilte.)  "  Sdiill- 
bau."     \  ol.  14.  30.  pp.  853-39.    III.  (New 

(IrsiL.'iis  I      <s.  No.  8710 

Control  of  Publle  Wireleis  Telegraphy 
Trafllc  in  Germany.  Thi-rn.  h.  (Die 
Rc};elung  dcs  ofTentlichen  Funkentelegraph- 
cnvekehr.s    in    iVutschland.)   "  Schiflbau." 

Vol.  14.  22.  pp  017-51.    (Conditions  under 

which  (r<nnan  steamers  obtain  a  bccnse 
from  (iiiur.il  I'ost  OHice  to  instal  \sirelcss 
(ilant.s  nn  luian!.     3s.  No.  N-ii 

Coal  Shipping  Conveying  Plant  for  the 
N.E.R.  at  Middlesbrough.  '  I'age  s  WW 
Vol.  23,  -J 74,  pp.  484-5.  III.  IS.  No.  8712 
Iminved  Coal  Shipping  FaclUtlM  vm  the 
Tyne.  "Coll.  Guard."  VoL  io6.  3.754. 
p.  734.    III.    6d.  No.  8713 

Coal  Shipping  on  the  Great  Lakes.  "  Coal 
Arc."    \'oI.    4,    12.   pp.   408-11.    111.  IS. 

Recent  Devices  for  Long  Distance  Power 
transmission  without  Continuous  Wire. 
Woi.i.r.  \V.  (Neucre  lunrichtunj,'en  zur 
Kiaftiibertra^iung  in  die  Feme  ohne  fort- 
laufcnden  Lcitungsdraht.)  "  SchiHbau." 
Vol.  14,  23,  pp.  999-1.003.  111. ;  24.  pp. 
1.044-8.  (Svsfem.s  of  different  inventors 
arc  <lescribed.)    Os.  No.  8715 


XI.— Iron  and  Steel. 


GENERAL. 

Production  and  Consumption  of  the  Most 
Important  Metals.  (Krzcugung  und  Ver- 
brauch  der  wichtigst«i  Metalle.)  "  Glueck- 
auf."    Vol.  49.  37.  pp.  1,519-38.    38.  bd. 

No.  871b 

ALLOYS. 

Clatslfleatlon  of  Commereial  Iron  Alloys. 

H\!'\i>..  .\,  ( Kl.i-ssifi/ieruni;  von  liisen- 
legierungcn  im  ilandel.)  "  lilchem.  Z." 
Vol.  30,  4.  pp.  99-I03.   31.  6d.    No.  8717 


ANALYSIS  AND  SAMPLING. 

A  FMlea  Method  for  the  OetermlMtteii  ot 

Sulphur  In  Iron  and  SteaL  Franklin.  F.  H. 
"  Jl.  Ind.  Eng.  Chcm."  Vol.  5.  10,  p.  8^9, 
3s.  No.  8718 

A  Method  for  the  Determination  of  Phos- 
phorus in  Vanadium  Steel  and  Ferro-Vana- 

dium.  SiDKNKK,  and  ST.\KrvEDr.  "  Jl. 
ind.  ling.  Clicin."  \'ol.  5,  10,  pn.  i<39-9. 
3s.  No.  8719 
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noa  ARB  WTMKL. 

CASTING. 

Casting  Nuti  and  other  Articles  on  Metal 
Formers.  May,  W.  J.  "  Engl.  Mtth." 
Vol.    98    2,5v<.    pp  3    fig.  IS. 

No.  8720 

Tk«  AppllMtion  of  Coal  Tar  Oil  for  CastinK 
ruifMM-  Hausbnfbldbr.  (Die  Ver- 
iveoduDg  des  Steinkoblenteeroeles  im  Gica- 
•ercibetriebc.)   "  Gieswrei    Z."   Vol.  to. 

tg,  pp.  5C.2-5-  I"-  ''*7-i 
A  Lattar-day  Stove  Shop.  Kkei  t/heru. 
E.  C.  "  Foundry."  ^■oI.  41.  10,  pp.  425- 
33.  111.  (Its  e(|uipment  (or  fine  casting 
production.)     is.  91I.  No.  8722 

OalenlAtinf  MixtuiM  for  MaUeabla  Cast 
ITM.  "  Foundry'."  Vot  41.  10,  pp.  451- 
5.  (A  rapid  and  eaay  metiiod  lor  figuring 
tte  heats.)   is.  grt.  No.  S723 

Itaf*  OMting.  (Etagenguss.)  "  I'hiand. 
Spec.  Ed."  9,  pp  122-4.  iU.  (Descrip- 
tion of  inouUhng  machines  for  moulds  for 
stage  castinj;s.)    2s.  (k1.  No.  8724 

Modern  Cleaning  of  Castings.  (Die  mwlcmc 
Gussputzcrci.)  KooB.  A.  "  Giesserei  Z." 
Vol.  10,  18,  pp.  570-4.    2S.  (k1.      No.  S725 

Bandagid  CMt-iron.  Sjfstam  Dr.  von  Em- 

perger.  Nirzscin.  H.   (Umschnuertes  Gus- 

scisen.  System  Dr.  v.  Empcrger.)  "  Giea« 
serei  Z.'  Vol.  10,  17.  pp.  525-35  IW. 
(Cast  iron  in  bars  or  columns  is  .surrounded 
by  a  thin  \a\cT  of  concn-tt-  and  tied  round 
with  stfi-i  win-:  this  s\stcni  is  elastu-.  of 
high  rcsistanc<-  a;;ainst   pressure.)     2s.  in]. 

No.  8726 

Cast  Iron  and  Steel-Castlng  for  Eleetrle 

MatWtltf  I  GOLTZE,  V.  (GuHseiscn  und 
StaMfonniiiig   im  £lektro-Maschinent>au.) 

Giesserei  z."   VoL  10.  15.  pp.  4O1-5. 
III.  :  It),  pp  495>soi.   111.   ss.    No.  8727 

FOUNDRIES. 

Economical  Foundry  Cost  Keeping  Methods. 

RiKER,  E.  W.  "  Mech.  Eng."  Vol.  32, 
818,  p.  301.    IS.  No.  8728 

Wwmirj  Hut  and  Maeblnery.  Horner. 
1.  Engineering."  Vol.  9j.  2.49.^.  P  4**«- 
111.  (Drying  storea;  niacellaBeous  machi- 
nery) IS.  Ko.  8729 
Heating  and  Ventilation  of  Large  Foundry. 
(Heizungund  Lueftung  einer  Gro.ssgicsserei  ) 
"  tiiesscrei  /."  Vol.  lO,  I8,  pp.  5<.».-7(., 
lU.  28.  tid.  No.  8730 
A  Hadtni  F^nndry  Building  bnttt  ol  iPano- 
Oraanta.  Rom,  J.  W.  (Eine  neuzeit- 
liche  Giesaefdanlage  in  Eisenbeton.)  "  Stahl. 
Eii5cn."  Vol.  33,  33,  pp.  1,438-40.  111. 
3s.  No.  8731 
A  Four-storied  Casting  Plant,  flune  \icr- 
stcckigi-  ("•ii  -'-fM!  lanla^^f  i  "  IMand  Spec. 
Etl."  <)  ii'i-ii.  Ill  M  >is<  1 1[  ition  of 
plant    of    printing    prc>s    works. 1     2S.  'xi. 

No.  Sj.Hi 

Uia  at  the  Oiy-AMtilano  Torch  in  Foan- 
drias.  EsTKP.  H.  C.  "  Foundry."  Vol. 
41.  10.  pp.  445-50.  (How  risers,  shrtnk- 
heads.  etc.,  are  removed  economicaUy  by 
this  pr(>r<->..s.  uith  data  ou  welding  cast  iron 
and  steel. 1     is.  g<l.  No.  873 { 

Application  of  Electric  Power  In  the  Foun- 
dry. Stkatton.  H.  F.  "  Foundry.'"  Vol. 
41,  10,  pp.  407-15.   111.   (How  ttie  use  of 


niotor-dmen  e<iuipment  clleets  economics 
in  castinj^  plants,  with  side  lights  on  the 
adaptability  of  the  lifting  magnet.)    is.  9d. 

No.  8734 

Modem  Plumbing  Equipment  of  a  Foundry. 
"  Metal  W  orker  and  Eng.  Rev."  Vol.  80, 
14.  pp.  {(>8-9.   3  fig.   2S.  No.  8735 

rUBIIACEl 
Oopaln  StiiilM.  PuLstntR.  H.  B.   "  Chem. 
Eng."   Vol.  18,  3.  pp.  109-13. 

No.  8736 

Testing  a  McLean  Furnace.  Schillinc;,  E. 
(I  ntersiuhungen  an  eincr  McLean'  schen 
Feuerung.)  "  I-Vuerungst."  Vol.  i.  24, 
pp.  427-30.    2s.  »)d.  No.  8737 

kerosane   for   Steel    Heating  FurnaoM. 
Spillhan,  H.  C.    "  Machinery."    Vol.  ao, 
2.  pp.  i25-(>.    HI.    (Arrangement  o£  a  wall* 
e(iuippe<l  heat-treating  department.  Com* 
parativc  values  of  fuel  oil  and  kerosene.)  2S. 

No.  8738 

Buosen  Burners  for  Heating  Casting  Cruci- 
bles.    JOHA.N'NSEN,  O.     (  Huilx  II  iirerUUT  flHT 

Gasbeheizung  von  Giesspiannen.)  "  Stahi 
Eiseii."  Vol.   33,   31.   pp.   i2f>i-3.  3a. 

^No.  8739 

Um  af  IfaMt  fnmaaa  aai  Oaka  ovan  Oaaii. 

"  Iron  Age."  Vol.  92.  19,  pp.  608-10. 
(Their  practical  application  at  ine  CoekeriU 
Works  in  Helgium.  Developments  renrd- 
Hif;  tar,)    2s,  No.  8740 

German  Crucible  Eleotrle  Funutees  of  Trans- 
former Type.  I*EKKlN«i.  F.  C.  "  Chem. 
Eng."  Vol.  t8.  »,  pp.  97-9.  a  fig.   2s.  6d. 

No.  8741 

Haw  Bleatrie  Pamaat  of  tlie  Induetion  Tnik 
Baur.  C.  H.  "  lion  Age."  Vol.  92,  19. 
612-3.    Ill-    (Transformer  cores  horizontal 

insteati  of  vertical.  Heating  channels  always 
full  of  molten  metal  and  thu.s  arc  not  attacked 
bvslaf,'.)  2s.  No  .S742 

The  UtiUxatlon  of  Heat  in  the  Electric  Steel 
Furnace.  LoF.nE.  K.  "  Dingier."  \ Dl. 
3*8.  39.  pp.  509- 1  III-  40.  PP  ''2b-ji. 
III.  (The  most  important  modem  induction 
fumacea  are  described.)  aa.  Od.  No.  8743 
ProgriM  In  tka  Oamtraattan  and  Warkinff  af 
Eleetrle  Fomaeas*  Todenhauiar,  W.  (Fort- 
schritte  im  Bau  und  Betrieb  elcktnscher 
H<>ch()fen.)  "  El.  Kraftbetrieb  u.  li."  Vol. 
II.  27.  pp.  5fii-f)(i,  III.  (Design  and 
working  of  electric  furnaces  for  metals  is  fully 
dealt  with.  The  furnace  is  largely  adopteil  in 
Sweden ;  built  in  units  vp  to  3,000  h.p.)  ia.6d. 

No.  8744 

HABDENIlfO  ARD  ANIfBALilfO. 

Electric    Furnaces   for   Tool  Hardening. 

■■  KIcctru  itv  "    \'nl  Ill)'',   pp  ''47-8. 

Ill     '..I  .Xo-  ^745 

Electric  Ful'nace  Heat-Treatment  of  Steel. 
Lake.  E,  F  ■■.Machinery."  Vol.  20,  2.  j)p. 
I11-14.  III.  (.\rrangcment  of  the  electric 
furnace.  Effect  of  different  dements  ab- 
sorbed by  heated  steel.)  2s.  No.  8746 
Raw  Annaaiing  Fumaae  for  Rolling  MIUs  and 
Tempering  Purposes.  f.Vcucr  Gllihofen  fiir 
W'alzwerks  und  I  (.■ni])cr?\veckc.)  "  I  'hlan'l." 
Vol.  40.  III.    2.S.  (Ml.      .\i>.  S747 

On  Two  Faults,  Frequently  Made  in  Case 
Bsrdaidnf.  Fbttwkis.   (Ueber  cwei  Fehler. 
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IWHI  U9  STIIL. 

the  hacvifij,'  l>cim    !"insatzhacrtcn  fjemacht 

wcrdt-n.)     "  /.  W'frk/cuKinasi-h."  \'ol  17 

M-  PP-  5?4-''-     III  "^/t^* 

A  Commercial  Piant  for  He»t-Tre«ting  Steei. 

"  Iron  I  r.  Rev."  51.  i  \.  pp.  5,v>-4l  5  fig 
(How  the  Steel  Improvement  Co.  lias 
equipped  its  works  to  meet  the  requirements 
of  nsen  of  high-grade  steel.)  3a.6d.  No.  8749 
OvtMhMatton  «(  SImL  Shimsr  and  Kick- 
LINE.  "  Bull.  Am.  Inst.  Min.  Eng."  igt.). 
81.  pp.  2301-77.    5s.  No.  8750 

Hardening  and  Tempe  ing  Steel.  "  Machin- 
ery." Vol.  20.  i.  j)p.  n\\-(>.  III.  (A 
review  of  the  general  rt'inurfinents  and 
characteristics  of  qucnchinj{  and  tempering 
ii.it fr-.,)    as.  No.  8751 

MOOTS. 

Tha  AppllMrtloii  fli  StMl  OofalllMi  Ambndb. 

F.  (Ueber  die  Verwendung  von  Stahl- 
kokillen.)  "  Stahletsen."  Vol.  33.  40,  pp. 
i(>\-;- 1  ;     ni  No.  8752 

IROil  AND  STEEL  WORKS, 
fhe  Minnesota  Steel  Company's  Plant. 
"  Iron  At;r  '  Vol.  92,  iz.  '><»3-4.  111. 
(Its  spen  d  engineering  and  economic  prob- 
fems.  Labour  supply  and  ef&ciency.  A 
year's  construction  workahead.)  3s.  No.  8753 

MOULDING  AMD  PATTERNS. 
Usefulness  of  Permanent  Moulds  for  Iron  and 
MetalCastlng.  Mp:hrtkns  \  (I  >u-  Hrauch- 
barkcit  blcihiTKlcr  Gussfonnen  in  dor 
Eiscn-und  Mctall^K  sserci  |  "  Giesserei  Z." 
Vol.  10,  18.  pp.  557-M.  111.  19.  PP  59'>- 
60a.    III.    5s.  No.  «754 

BMtrla  MooUiag  MaahlaM.  Louss.  U. 
(Elektrtsche  Formmaschinen .)    "  Giesserei 

Z."  Vol.  10,  12,  pp.  3^*9-7.  III.  13.  pp. 
402-11.  Ill,  15,  pp.  473-8.  III.  lii.  pp. 
5i)-57.     111.     los.  No.  8753 

Two  Mew  Otboro  Moulding  Machines. 
"  Iron  Age."  V<rf.  9a,  14.  pp.  704-5.  111. 
as.  No.  8750 

MMMtaf  aiai,  Iti  TnOng  and  ValuaUon. 
InusBBXCBK.  C.  (Der  Formsand.  Seine 
Prae&ing  und  Bewertung.)    "  Stidileiseii." 
Vol.  3j.  35,  pp.  1433-38  ;  39,  pp.  i595-i^'«i 
III.    68.  No.  8757 

A  Haw  Hydrautlo  Forming  Press.  "  Iron 
ARe."  \'ol.  g2.  12.  p.  *Mi5.  III.  2.S.  No.  H75.S 
Loading  and  Anchoring  Casting  Moulds. 
lUelatitun^'  und  Verankening  der  Gumh- 
lormen.)  '  Stahleisen."  Vol.  33,  39.  pp. 
t6ot-4-    III-   J8-  No.  8759 

flow  to  8«l«et  and  Cars  tor  Pattoiu  LanNr. 
Lake.  E.  F.  "  Foundr>'."  Vol.  41,  10, 
l>p.  434-5.  (The  adaptability  of  the  various 
\s'o<Kt.s  for  modcl-makitiL!  an-  di.srii.>.scfl  and 
the  valuf  ol  Nortlieni  white  pine  is  pomtcd 
out.)    IS.  gd.  No.  8760 

PIG  IRON. 

Foundry  Pig  Iron  Smelted  In  Eleetrle  Fur- 
naces. ■  Mcch  Eng."  Vol.  32,  821,  p. 
i'>q.     111.     IS.  No.  8761 

PROPBBTUES  OF  IBOM  AMD  STBBL. 
Ohaaga  of  Vohina  of  Oait-Iron  in  Haat  ani 

Its  Consequences.  Messerschnitt,  .A.  (Die 
Voluincnaftulcnirrj  <lcs  Gusseisens  in Waerme 
und  Nutz;iii\sendunKen.)  "  Giesserei  Ztg. 
Vo.  10,  19,  pp.  589-92.    2s.  (jd.     No.  87O2 

InfliMiMa  «f  Vifttattont  aai  Baatfof  oa  tka 


Magnetic  Properties  of  Sheet-Iron.  Gi  mlich 
and  SrKi.NHArs.  (Emlliiss  von  Erschuette- 
rungen  und  Erwaermungen  auf  die  magnet- 
ischcn  Eigenschaftcn  von  Ei.scnblech.) 
"  Stahl  Eisen."  Vol.  33,  36,  pp.  1477-71. 
3s.  No.  8763 

On  the  Influence  of  Fofflaff  on  the  Propertlaa. 
•(  Mild  SteeL  OBaaHoma,  P.  (Ueber  den 
Ehifluss  des  Schmiedens  auf  die  Eigen- 
schaften  eines  weichen  Flusseisens.)  "  Stahl 
Eiscn."  Vol.  33.  37,  pp.  1507-13.  lU.. 
\H,  pj>.  i5()4-(>.     Ill      OS.  No.  8764 

ROLLING  AMD  DRAWING. 
ManotMtm  •!  Stepped  Flue  Tubes  f«r 
Ballan  iritk  Urgt  Walar  Spaaa^  Koch,. 
Pavl.   (Ueber  die  Hnstellnng  von  Stolen-. 

rohrenfOrGfosswa.sserraumkessel.)  "Uhland 
Spec.  Ed."  I..  8.  p.  41.  III.  (Description 
of  operation -x  i    2s.  'k1.  No.  87f>5 

New  Tube  Rolling  Machine.  "  Iron  .\ge."- 
\'(>l         13.])  <)57      1"     zs.  No.  H7M>, 

Mew    Corrugated    Tube    Machine.  (Neue 
Wollrohrwalzmaschine.)       "  Z.  Werkzeug-. 
masch."   Vol.  17.  30.  pp.  547-8.   111.  as.. 
6d.  No.  8767 

Uoyd  SaamlM  tied  Tube  MUL  Railw.. 
Locom.  Eng."  Vol.  26.  10,  pp.  343-4.  111.. 
2.S  S'o.  tlyoS 

Riveted  Pipe  Works  at  South  San  Francisco. . 
"  Iron  ^oi.  g2.  I4,  pj).  7111-3.  111. 

(Plant  of  the  Shaw  liatchcr  Company 
making  piping  and  tanks  of  plates  and 
nlvanised  iron.)    2s.  No.  87(19  • 

Drivtng  lagiBes  Ja  Metallurgical  Works. . 
Staubbb,  G.    (Veber  Antriebafcuen  in 
Huettenwerken.)  "  Stahl  Eisen."   Vol.  33. 
^}..  PP    '?4.5-5o.    3s  N'o  877" 

Valve  of  Motor  Drive  for  Main  Rolls.    "  Iron 
\'<il  '».'.  14,  pp.  752.    (.\rguments for  • 
the  fk'ctrii-  opt-ration  of  the  steel  mill.)  2.s. 

No.  8771 

Dismantling  an  Old  and  Installing  a  Mew 
Rolttng  Mlus  In  20  Days.   (Abbruch  einer- 
veralteten  und  Auibau  einer  neuxeitUchen 
Blockstrasse  in  20  Tagen.)  "  Stahl  Eisen."  • 

^'ol  1  <  <7.  pn.  15T3-7.   III.   3s.    No.  8772; 
MISCELLANEOUS. 
The  Eleetro-Galvanlsing  Process.  Row.shar, 

S  W.  "  Fouudry."  Vol.  41.  10,  pp.  437-S, 
IS.  yd.  N'n.  .S773 

The  Art  of  Enamelling  or  the  Coating  of 
Steel  and  Iron  with  Glass.   Naillbb.  R.  F. 
"  Jl.  Am.  Soc.  .Mech.  Eng."    Vol.  35. 10.  pp. . 
i475>-92.    2S.  6d.  No.  J8774 

A  nw  Remarks  on  the  Ute  of  Ttamiiff  Pua. 
DiBCEL.  C.  ( E in iges  ueber  die  Lebensdauer 
von  Verzinkungspfannen.)  "  Z.  Ver.  D.  Ing."  • 
Vol.    57,    29.    {)p.    1132-35.     III.     2S,  (k1. 

No.  S7-S 

Hot  and  Cold  Methods  of  Oxidizing  Sheet 

Steel.  Proctor.  C.  H.  "Metal  Ind."  • 
Vol.  5,  10,  p.  397.    6d.  No.  8776 

HaeUne  for  Tinning  Skaet  Metal.  Krom.  L. 
J.  *'  Met.  Ind."   Vol.  10,  p.  406.   (Remark- . 
able  invention  that  will  antomatiGally  tin. 
coi)}UT  or  bras.s  on  both  sides»  one  side  or 
edges  onlv.)     'kI  No.  8777 

The  Miero-Chemlstry  of  Corrosion.  Desch. 
C.  H.  "  Met.  Ind."  Vol.  5,  10,  pp.  407-g. 
6d.  No.  8778. 
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OIL 


The  subject  ol  Oil  is  now  a  matter  o{  vital 
nattonal  importance,  and  the  recent  speech  hy  Mr. 
Churchlli  in  the  House  ol  Commons  on  the  suhject, 
as  far  as  it  eoncerns  the  Navy,  empbasizes  wis. 

In  view  of  this  and  ol  the  large  demand  we 
have  had  lor  the  first  edition  we  are  issuing  a  second 
edition  ol  the  Oil  Power  Numher,  contents  of  which 
are  given  below,  and  we  have  no  hesitation  in 
saying  that  this  number  should  he  in  the  possession  ol 
everyone  interested  in  Shipbuilding  and  Engineering. 


■aglM."    By  G.  L.  Canlt  (Director  of  Con- 


■•Mph  DImsI.  Pronlitpiect. 

"  Ttm  D«««lo»««Bl  of  Iks  DUmI  I«l«r«al 

•olidated  Diesel  Eaginc  Co.,  Ltd.) 
"  Mod«ra  CoBtiusBlftl  Oil  Eaiioc  Prsclicc."      By  Al/re4  Buchi.  ot  Sulier  Bros.  Wiatertkvr. 
"  Sl«aa.Dri««»  »o4  Mvtor-Drivi •  Cms*  Boats."     By  T.  Wt^tMik.  MJ.Mttk.E. 
"  0«tp«i  im  Largs  Di«Ml  Eagiass,  witk  SM'la]  BsftMu*  to  tfto  CoabmllM  of  FolmlatMi  laaliMs 

sad  H«s»y  T»r-OII»."     By  />r    faul  H    R.  Nttlmanm. 
"  erilUh  Oil  EsfUc  PraetiM."     By  IV'.  D.  Wambrouth. 

'*  TlM  Possibilititi  snd  LteltattoM  of  Mm  Mariaa  MmoI  ImIm."     By  Smtr..Litmt.  W.  SiUimc*. 
R.N.,  M.J.N.A. 

"  PMMit  Pvrilioa  of  th*  Oat  tagtM."^    By  Ptrey  R.  AtUn.  UJ.UttkB. 

"  TW  Development  of  Di«««l  Estisc*  for  Sislioasry  Psrpoacs-"     By  tStO.  E.  BtM. 

"  Li4«id  Fast  for  Steam  Kaisiag."     Hy  If  .  H.  Booth,  F.O.S. 

'*  Tho  PiMtisal  A»Mi«altoo  of  LI««I4  Fwl  for  Natal:  Mi  MmIm  VwpoMi."    By  »Nmml  E»gimttr." 

'  Oil  FieMs  of  Ihe  World.'      By  Albert  Lideett  (Bditor  "Pttratedfll  Kovlew.**) 
'*  Oil  Taakcre."     By  a  SlaS  CorresponUrnt. 


2nd  Edition  Now  Ready. 

Singlt  Copiet,  3/- ;  Cloth  Bound  Copies  of  Oil  Power  No.  1  /6  extra ;  Annyal 

tufetcrlptlMi  12/-,  Induding  postage. 

Advcrtlaiag  Rates  wiU  be  iumiabed  on  appllcmtlon. 


TIE  LOOIS  CASSIER  CO..  LTD.,  33.  Bedford  Street,  StrAod.  London.  W.C. 
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c«»,«-,  GAS  ENGINES  "or'"'"" 


THE  LILLESHALL  CO.^  LTD., 


Telcr>iiiti  "BNGINBS,  ST.  GEORGE'S,  SALOP." 
TelcplioDei  "National  No.  6,  OakcDcatca. 


OAKENGATES, 


r 


7, 


r 


nurnberg  gas  engines. 

Over  500,000  B.H.P.  runnlnc  or  under  construction. 

StMm  Engln**,  Blowing  Engines  for  Steam  and  Gas.  Pumping  Machinery  for  MInea,  Watarworka  and 
Hydraulic  Power  Plants.  Steam  and  Electric  Hauling  and  Winding  Engines,  complete  Rolling  Mill  Plants. 
Staam  IHammara,   Ladles  and  Carriages.  Converters,  Blast    Furnace    Casings    and    Cowpar  Stovae. 

*Coal  Washing  and  Screening  Plants. 


CROSSLEY  GAS  ENGINES. 

Combine   all    the  recent 
developments     in  modern 
Internal  Combtsstion 
Engine  Practice. 

They  are  reliable  in  opera- 
tion,   economical    in  fuel 
consumption  —  quick  and 
certain  in  starting. 

The  new  type  Crossley  Engine  is  an  Engine  of  Precision. 

Write   for   P*rticaUrs  to— 

Orossli^y  Brothers,  LtImixbd. 

OpenshaWs  MANCHESTER. 
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LIQUID 


roi 

Internal  Combustion, 
Process  Furnaces. 
Steam  Raising. 


PERFECT  COHBUSTIOH. 

NO  SMOKE. 

MO  SMELL. 

NO  DOST. 

NO  WASTK. 

NO  SOOT. 

NO  ASHES. 

HIGH  CALORIFIC  POWER. 
EASE  OF  HAMDLINC. 
PERFECT  CONTROL  OF 

FIRES. 
STEADY  STEAM. 
HEALTHT  CONDITIONS 

FOR  WORKMEN. 


FUEL 


FOR   QUOTATIONS    AWn    ALL  IMFOHMATIOW 


APPLY    TO  ; 


The 


Anglo-American 
Oil  Co.,  Ltd., 

Importers  of  Pratt's  Perfection  Motor  Spirit.  Royal  Daylight  and 
White  Rote  Jimerican  Lamp  Oils.  Lubricating  Oils.  Wax.  etc..  etc. 

36-38,  Qaeen  Anne'.  Gate. 

WESTMINSTER,  S.W. 


^^^^  '^S^  , 

Hecnan,  Cooler 


PATENT^. 
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AIR  COMPRESSORS  FOR  MINDING. 

Compact, 
Portable. 
Enclosed 

—  FOR  _ 

Inbyc  Working. 

Write 
Miming  Dept.  K. 

Catalool'es 

OR 

Estimates 

TO 

Reavell  &  Co.,  Ltd., 

_    IPSWICH. 

0^ 


0'M>K  I  I  I  I  \  (  i>M  i  if  1 -sriK  Asr>  Flame  Psnof  Moron 


Tf  Icgram* : 
"  Reavell,  Jp&wich." 

Tolrphone  Nos. 
3-4  A  325  Ipswich. 


AIR  COMPRESSORS 


SCOTT'S  PATENT. 


The  Ideal  Compressor 


FOR 


EFFICIENCY,  SliPLICITY  &  DURABILITY. 


SPECIAL  FEATURES. 

No  Valve  Springs,  Indestructible  Valves. 
Minimum  Clearance  Spaces  and  High 
Efficiency.  High  Speed  with  Silent 
Running.  Totally  Immersed  Cooling 
System. 

Eiquiries  Invited.  Ask  for  1913  Cst&]o(ti(. 


BOI.B  MAKERS 


ISAAC  STOREY  &  SONS,  LTD.,  TancUsTeT 


BRANCH  or  UNITED  BRABSFOUNDBftS  *  KNQINCKR8,  LTD. 
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The  Schmidt  Superheater 

has  been  fitted  in  over  900  Vessels. 

About    1,200,000  H.P. 
installed  or  on  order 

In  actual  service  it  has  reduced  the 
Coal  Consumption  15  to  30  per  ceol. 

For  (all  p«rlieaUr»  apply  to  ■  ~ 

SCHMIDT'S 
SUPERHEATING  CO. 
(1910)  LTD. 

(MARINE  DEPARTMENT) 

28,  Victoria  Street, 
Westminster,  London,  S.W. 


THE  NORTH  EASTERN 
MARINE  ENGINEERING  C.  U 

WALL8END-0N-TYNE  and  SUNDERLAND. 

BUILDERS  OF 

TRIPLE  &  QUADRUPLE  EXPANSION 
MARINE  ENGINES  &  BOILERS 

OF  LARGEST  SIZES  FOR  PASSENGER  &  MERCHANT  VESSELS. 

Licensees  for  tiie  Manufacture  and  Fitting  of 
Scliniidt's  Supertieaters  to  Marine  Boilers. 


LONDON  OFFICE  :  22,  BILLITER  STREET.  Til.  Add.  :  "  Ntmerlo,  Ltndsn.'* 
LIVERPOOL  OFFICE:    529,    TOWER    BUILDINQ.     T»l.  Add.:  "Skilful,  LivM-p«ol." 
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WERF  GUSTO,   (Flrma  A.  F.  Smnlders.) 

SCHIEDAM,   ROTrERDAM,  HOLLAND. 

DREDGING,    EXCAVATING,   AND    BUNKERING  .  PLANT 

OF    THE    T.AHUKST    UIMKNSIONS    AND  CAVAIllI.lTlKH. 
FLOATING    CRANES.    BOILERS.  ROOF    AND    BRIDGE  CONSTRUCTION. 

DEPARTMENT    D.    DIual-MoUrt    Of    any  ca^Mlty. 


Sea  going  Twin  Screw  BucKet  Dredger  "  L*  Plata."  •uppllcd  to  South  America. 

Telegram*:    "  ASMULDERS,   SCHIEDAM."  PU,tst  ttuntioH  Ikts  Muc"''**- 

tall  AianeyUr  thtUnitM  Kincdom:  ANDERION  RODQER.  ]«,  Victoria  Itrott.  Wottmlntttr,  London.  t.W. 


HARFIELD^S  CAPSTAN  WINDLASS 


Alio    Makers   o^   Steering    Gear    for    Warships    and  Mercbant 

Steamers,  and  other  specialities. 

CONTRACTORS  TO   BRITISH    AND   FOREIGN  ADMIRALTIES. 

HARFIEM^D      6^      OO.,      Slaydon     Iron  WopIo, 

NEWCASTLE-on-TYNE. 
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BABCOCK  &  WILCOX 

4. 


Telegrams  :  "  Babcock.  London. 
Telephone  No.  : 

y  6470.  (6  lines). 


PATENT  LTD. 

WATER-TUBE 
STEAM  BOILERS 

ovidI  ^0.000,000  H.P.  Land  type )  in...a.^ 
1 2,800,000  H.P.  Marine  type  I  ^'r^" 

3,100,000  H.P.  in  use  in  Electricity  Stations 

MARINE  TYPE   BOILERS  FOR 
ELECTRICITY  QENERATINQ 
 STATIONS  

Effecting  ihe  Greatest  Economy 
in    S[>acc — Ai    per  Illustration. 

WHITE -FORaXER  WATE  R-T  U  B  ■ 
MARINE     STEAM  BOILERS. 

Joint    Msnufaclurcrt   and  Cincral  LIcsdum 
with  J.  Samuel  White  &  Co.,  Ltd. 

H<ai    Ofri«i  : 

ORIEL  HOUSE.  FARRINGDON  ST.. 

Works,    Rcafrew.    Scotlaad.  E.G. 


PATENT  LOUD  SPEAKING  NAVAL  TELEPHONES 

*S  ADOPTED  BY  THE  BRITISH  ADIIIRALTT, 
HART  FOREIGN  GOVERNHENTS.  AMD  THE  LEADIHC  STEAMSHIP  LIOS. 

ALFRED  GRAHAM  A  CO.,   Or  of  ton  Park,  LOMDOM, 


"  POLLOCK  "  SEMI-DIESEL 

Marine  Crude  Oil  Engine. 

FOR  COMMERCIAL  &  PLEASURE  CRAFT,  FIININS  SOATI,  Sc. 

Sizes:  4  to  70  B.H.P.       Thousaods  In  dally  use. 


W.  &  S.  POLLOCK  &  CO.,  "Glasgow"" 


PISTON  RINGS  AND  SPRING 

SPECIALLY  DESIGNED  FOR 

HIGH  STEAM 


LOCKWOOD  &  CARLISLE,  LTD.,  ^%'?{Iffie;'d.'"" 
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THORNYCROFT 


For  CRUISERS. 
COMMERCIAL  CRAFT. 
YACHTS, 
SHIPS'  LIFE  BOATS. 
LAUNCHES, 
•tc.  etc 


PARAFFIN  &  PETROL  MOTORS. 


I    John  I.  Thoraycroft  i  Co. 


aTATIOWAWV  MOTOWl 

Fop  ELECTRIC  LIGHTING, 
WIRELBSS  TELEGRAPHY 
INSTALLATIONS. 
PUMPING  & 
IRRIGATION  WORK, 
etc.,  etc. 


Limited. 
Waatmlutwr,  S.Wi 


w 


Ci'4  Type  47  B.H.P.  PARAFFIN  MOTOR. 


Telfphon* :  CCRRARO  176. 
Telerrams:  "THORHYCROFT, 
VIC.  LONOOR.'* 
Cedes:  A.B  C.  Sth  Ed. 


W.rH.  MARLING, 

Manulaclitrrr  o(J  M.ill)rmatical  Drawiiift  .iiiil  Sur- 
veying Instrumenl!.  aiul  Drawing  Olficr  .in  <»iirii-», 

47,  Finsbury  Pavement,  London,E.C. 

Factory, 
Clapton 

N.E. 

Estab- 
lished i8ji 
Telegram*: 
Clinograph, 

London. 
Contractor 

to  H.M. 
Govern- 
ment. 
Catalogues 
on 
requp>t. 


TYNOS. 

"Bitromarc"  Solution 

A   highly   efficient    Aati  Corrosive 
Black  Eb»bc1  Paiat  for  Iron  »kd  Steel 
Stmeluret.   Oklvftai»ed  Corru|Atcd 
Iron,  Shipt"  Holit,  Buikkert.  ele. 

SOLE  PROPRIETORS 

8.  T.  TAYLOR  &  SONS, 

••Tynot"  Work!,  SCOTSlOOO-OM.nME. 

T«l.  No. :  aC«iliil.    T.J.Add.    •Compo  SeoHw^^J  " 


Clarke.  Chapman  &  Co..  ltd 


GMtfMttn  U  •rltlih  CMmIiI 
•ne  FwelK"  ttoveriiMinU. 


VictorU  Work*. 


CablM.    •  Cyclop..  CalMhead.-  GATEISHEIAD. 

SPECIALISTS  IN  SHIPS.  STEAM  AND  ELECTRIC  AUXILIARY  MACHINERY. 
WInchM.  WIndiMM*.  Capetan*.  Cranee.  Steering  Gear.,  Haula«e  and  Winding 
Gaara.  Projectors,  Mirror*.  Lensea- 


Pumps  for  all 
Duti»8. 

Conipleto  Sliips 
Eleotrlo  Liglit 
Installations. 

Catalogues  and 
Estimates  or\ 
Application. 


Auxiliary  Horizontal 
aqd  Vertical 
Boilers. 

Watertube  Boilers 
Woodsson's  Patents 

London  Office  : 

SO.  Fenchurch  St., 
E.C. 


Ccmbin«d  Cen«ralini  Plant  w.lh  enclosed  trU*  Enime,  for  Shlpj  Electric  Li<hu 
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U.SAMUEU  ^  . 

WHITE 

AND   CO.  LTD. 


SHIPBUILDERS  &  ENGINEERS 


Principal  Offices 
COWES.   I   oF  W. 


SPECIAL  SERVICE 


POSTAL    ADDRESS  -        EAST  COWES 
TELEGRAMS  -    WHITE.  EAST  COWES 
TELEPHONE  -         N©  3,  COWES./ 


V 


SinNGfNGINES 
M4RINE  DIESEL 


London  Office 


28.  VICTORIA  ST  S.W 

TELEPHONE.-  NO  4507  VICTORIA 
TELEGRAMS  -  carnage"  LONDON 


CODES 
ENGINEERING  2**^  EDTN, 
WESTERN  UNION 


ABC  STHEDITfON 
LIEBERS 


EAST  COWES  I.W 
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SHALLOW  DRAUGHT 
STEAMERS 


YARROW  &  CO., 

Ltd.. 

Glasgow 

(Fopzneply   or  POPlLiAR.  LONDON) 

who  make  a  speciality  of  Shallow  Draught  River  Steamers, 
either  propelled  by  a  stern-wheel  or  by  screws  working 
in  tunnels,  fitted  with  Yarrow*s  Patent  Hinged  Flap  aft. 
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The  WAILSEND  SLIPWAY  &  ENGINEERING  Co..  Ltd., 

WALLSEND-ON-TYNE. 

ENGINEERS,  BOILERMAKERS  &  SHIP  REPAIRERS 

Sole  Licenaees  and  Adanufacturers  of  the 

WALLSEND-HOWDEN  Patent  System  of 

OIL  BURNING. 

HcadlOnicc  and  Work*       -----  W.llMfuI-on-Tyn*. 
Telctraphic  AddrcM  i    '•Wall,  N«wc««Ue-on-Tyne." 


L.  SMIT 

&ZOON 

•    •  _ 

Shipbuilders 
and  Engineers. 


HOPPERS    AND  DRCDQCnS— OWN  PATENTS. 


KINDERDYK. 
HOLLAND. 


TtltCIAH* 
NiPTUMB,  Bl*KtliaB*».' 


A.   RUTHERFORD  &  CO., 

SHIPBUILDERS   6t  REPAIRERS, 
•^•^  ENGINEERS   6t    BOILER  MAKERS. 

Every  description  of  Launch, 
Barge^  Lighter.  Surf  Boat,  »c. 

Builder*  to  the 
Britbb  and  r«rtlf  ■  **mlt«nki 
■Dd  ih€  Roytl  «»tltn»I  Lll*k«*t 

lOfUtBll*!. 

Neptune  Works,  BIRKENHEAD,  England. 


MCANITE 


in  ■  wn"^  .^a^r^ 

MUTMN  IMAC«.,Lti..rontru:lontan  M  OoTemmcnt 
LelMMn  Road  Werk.«.  Wandsworth.  S.W, 

9WMr«M .  "  MtfluiMt.  LnJtm.-   ltUfl»u  40t  P.O.  I'ut^tf. 


JOHN  HHOSON  A  CO.'S  80CCEI80RS, 

2.  Maasell  Str«cl.  Loadoa,  E. 

ancanesiteI  best 

STEAM 
JOINT 


High  Class  .  .  i€ietrams .-  " reid,  I'AISLEY," 

STEAM  STEERING  GEAR 

WINDLASSES    AND  CAPSTANS 
FOR    YACHTS    AND  SHIPS. 

THOMAS  REID  &80N8,  pV;"rv"J^tt»,<.C^, 
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EXHDITION 


tNQINCEmm 
MONTilLV 


1914 


1914 


BY  ROYAL  DECREE 


DATED   OCTOBER  S7th. 


NEDERLANDSCHE  STAATSCOURANT 

€f  OCTOBER  30ilk 

The  NelKcrlaiHiU  Govern menl  have  appoinled  a 
Royal  CommiMion  contitting  o(  Repnwillalive 
Mea  conBeGted  with  the  indutry  to  «r|uiie  a 
Colleetm  Exhibit  of 

DuxoH  Shipping 

(MAVAI,  m  MBBCAimU). 

SHIPBUILDING  &  ENGINEERING. 

About  10.000  Square  Feel  of  Spaee  hat  now 
been  alloUad  for  tSe  impartant  SocliM.* 

Alrcadv  over 

30,000  SQUARE   FEET  OF  SPACE 

hai  been  applied  (or.  but  there  are  itUl  tome 
good  poaitioiM  availdble  for 

REPRESE^^'ATIVE  BRITISH  EXHIBITS. 

Wrilr   to  the  OrganMng  \fanagers  : 

CHARLES  H.  LUKE.  AJilS.E..  mud  FREDERIC  W.  BRIDGES. 


^xUbilion  Ofi  ces  : 

104.  HIGH  HOLBORN, 

LONDON.  W.C. 


AConcAei/er   Ojfiie  : 

196.  DEANSGATE. 
MANCHESTER. 
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80  ft.  Ste«l  Boat  ntt»d  with 
4  cyl.  70  h.p.  motor. 


CO 


Specialitts  in  the  construction  of  Steel 
or  Hardwood  Boats  for  the  Tropics. 


Launch  tn  Mrvice  of  Hi*  M«J«aty's  Customs, 

fllted  with  2  cyl.  12  h  p.  motor. 


TELEGRAMS: 

■■  Electric  Staines." 

TELEPHONE : 

21  Staines. 

A.B.C.  Code. 
5th  Edition. 


40  feet  Galvd.  Steel  Paraffin  Motor  Launch,  supplied  for  use  In  South  America. 

SPECIALITY  :— Boats  built  in  Mctions  for  iipert,  and  shallow  draufht  Boats  in  StMl  or  Wood. 

TOM  TAYLOR  &  SONS,  LTD.,     ^^^i Jr^^B^SSe,.. 

STAINES.  MIDDLESEX. 

THE  SEAMLESS  STEEL  BOAT  CO.,  LTD.t 

WAKEFIELD,  ENGLAND. 


3ola  Makers  off: 

LIFEBOATS. 
LAUNCHES. 
LIGHTERS. 


Seamless  Pressed 
Steel 


Any  malee  of  Engine  fitted. 

Svainlc  t^  si'ii  M.  i.  r  L.nuuli  .'ift.  oin.  x      jiii.  xiit.-)»'.      Invaluable  for  use  in  Tropical  Countries. 
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Daniels'  High-speed  Pumps 


ThM«  Pump*  run  nolM- 
*«a«ly  and  without  •hock 
at  hltharto  unattalnad 
•peed*  and  maintain  a 
contlnuoua  flow.  Leases 
«ua  to  ohacking  flow  of 
wat«r«ntlrciy«llmlnated. 


Compl*t«  S«ta 
of 

DANIBLS* 

GAS  PLANTS 

DANIKLS* 

■  NQINKt 

DANIELS' 

HIQH.SPSBS 
PUMPS. 


TRB8LB  BARRBL  HIQH.SPBBD  OIRBCT  MOTOR-ORIVBM  PUMP. 
PITTBO  WITH  OUTBRMUTH  PATBNT  SPRIMO  VALVBS. 

T.  H.  &  J.  DANIELS,  Ltd.,  Engineers,  STROUD. 


■M«I.AHD. 


Are  you  interested  in  Pumps  ? 

THEN    Write  us   for  Particulars 
and  Prices. 


THE  HALL  PUMP 

IS  IDEAL  FOR 
BOILER  FEEDING, 

DELIVERY   FROM  STOCK. 


J.P.HALL&SONS,Ltll, 


PETERBORO. 
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cA»s.ERs  METALLIC  PACKINGS  IT^^^'^'*^ 


We  Had  to  Move 

Oar  oM  pnmlatn  were  crowed  out.  so  we  have  built  and 
equipped  new  and  extensive  premises,  which — like  the 
Padung — are  the  iinest  oi  their  kind  in  the  world.  We 
pioocered  die  Metallic  Packinri  bamncea;  we  proved  to 
engineers  the  economy  secured  oy  using  our  proauctf*  anl 
we  ttill  remain  where  we  have  always  heen — 

Right  in  the  Front. 

When  you  think  of  PACKMIOS  the  £iret  name  to  occur 
to  yoo  will,  without  Joul»t,  be 

The  United  States  Metallic  Packing  Ce., 

80H0  WORKS. 

ALLERTOM  ROAD,  RRADFORD^ 

«  "HBTALUC  UUarom."  TU«»kMMt  4ffOf.  4V0«. 


^X^mu"  lANGASTEB"  <b.t.m.>  HETALUG  JStm 


nisT 


MWAYS 


""OnAppmaL" 


LANGASTQk  ft  TOWSE,  Lm, 


i»  MJL 


Difm. 


'*  rmmjAmM  tUtm  Itop.  Mm  Trapi* 
PBllSUSTON,  MAllClliUITeB. 


lion  steam 
Hammer  Packing 

WILL  OUTLAST  ANY  OTHBU 

STEAM  HAMMER  PACtilMG. 

BEWARE  OF  IMITATIONS, 

MADE  FOR  ALL  TYPES  OF  HAMHBBS. 


JAMES  WALKER  &  Co..  Ltd.. 
LION  WORKS.  OMFOaD  VTItEET. 
WEST  INDIA  DOCK  ROM).  LONDON.  E. 
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IN  a  steam  boiler  IT  IS  recognised 
that  the  balance  of  iuel  to  feed 
is  eoDnomical  as  wdl  as  neces* 
sary,  but  the  degree  of  fineness  in 
the  adjustment  of  these  two  factors 
is  not  so  generally  appreciated, 
and  the  reason  is  specifically  inter> 
csting:  being  tliat  no  more 
reliable  or  accurate  means  than 
lumd  control  has^ever  been  success- 


sr — M 


COMCCT  TO  W  ON 
FLOAT 


fully  devised,  so  that  the  problem  of 
fine  feed  regulation  has  been  left  as 
inopportune,  and  the  losses  resulting  have 
been  considered  as  necessary  and  unavoid- 
able. 

This  is  no  longer  so— 

Tkt   ThfMioieea    liMlntor  first 
nnkM  it  n«e«s»nr]r  to  cnkvlnte  wkat 
J    J  the  losses  on  the  flvctttating  kvels  are 
..-4l..  J"'         and  then  pNvsntthoss losses cntiMly. 


IS  IT  busim:ss  to  allow  a  waste  to  continue  when 

WE  CAN  SHOW  YOU   THE  MEANS  FOR  ITS  PREVENTION? 

Writ!  for  fulltr  iiidirtn.ition  aod  terms  NOW  to:  - 

RONALD   TRIST   6?  CO.,  LTD., 

4.  LLOYD'S  AVENUE  LONDON,  E.G. 

62.  ROBERTSON  STREET,  GLASGOW, 
•Dd  m,  DEANSGATE.  MANCHESTER. 
BmwkM  u   LIVERPOOL  PARIS,  mai  VIENNA. 

Maktrs  of  the  weli-htowit  S.B.A.  Bit^f  Pmeking  uud  S.E.A.  Ring'  Cups  or  pistons. 

Tckgnms  &  Cablrgrams— "  Kesvalar,"  London,  Ci.a)-cow  k  HAkcmsTm. 
Trunk  Ttlepbone  No.; — Avemue  6,^00  (j  lines). 
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GASSIER 'S 


Telephone  No.  31  Hop. 


Fitted  with  Pateot 
Anchor  Bashes. 

Belting,  Pump  Cups,  Joints,  Suction 
and  Delivery  Hose. 

DERMATINE   COMPANY,  LTD., 
93  &  95,  Neate  St,  LONDON,  S.E. 

Tel.  Address  "DERMATINE  LONDON." 


ST.    ANDREW'S    SMELTING  CO., 

36,  Market  Street,  City.  GLASGOW. 

PROMPT  CASH  BUYERS  of  all  classes  of  OLD  SCRAP 
BRASS,  COPPER,  ZINC,  LEAD,  &c.,  and  Metal  Residues. 


THE  REX  ROOFING  CO., 


Thi  BELFAST  ROOF  •  IMCiaiity. 

CONNS  WATER,  BELFAST 


THE  CONSTRUCTOR. 

Jl  Complete  fiatdbook  of  inachlne  Duian. 
By  F.  Reuleauz* 


With  more  than  I.:i00  illustrations-  Price  30*.  n«l 
Cairiaue  (ree,  from  the  Fubli«her,  3J.  Ucilfurd  btreM. 
SUaiid.  W.C 


NICHOLS' 

Feed  Pumps. 

Simple  or  Compound.    Steam  used 
expansively.    Start  from  any 
position. 


Reliable  and  Efficient.  Highest 
Economy  obtainable. 


Also  Auxiliary  Condensing  Plant. 
Duplex  and  Centrifugal  Pumps. 


NICHOLS  BROS., 

Engineers, 

Oakwellgate.CATESHEAD-ON-TYNE. 

London  Orficc:  IIO,  CnBaon  S(..  E.C. 
Telephone  No. — 5768  Central. 
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Simmon,  Strickland  A  Cn . 
Ltd. 

John  I.  Thornycroft  A  Co., 
Ltd. 

J.  Samael  White     A  Co.. 
Ltd. 

Tarrow  A  Co  .  Ltd. 
UttI  »  H9M» 


W.  Buraa  AM 
Ball**    MatiJ  I 

Co..  Ltd. 
OelU  M«U1  Co..  Ltd. 
Hoyt    UeUI  Co.  of  Ureat 
BfitaiD  Ltd.    ^     ^  .  , 
Miller  Antl-rtkUos  Mt**I 
Oo.,  Ltd. 


BrttUb  Mln  COn  Ltd. 


Ltd 


Btart,  DoiiMt 

Ad.Abton. 
David  BniniAl 
Ltd. 

OttfMB  Oawr  Oo.,  Ltd..  Tbo 
FWMrVhMOo.  Ud. 


Hydraulic  Liitkin 

Renry  Berry  A  Co., 
rmnlDH.  Blrkby  i 
Ltd. 

UmAOo..  LM. 
Owk  W  WaHra. 


HydTMlIC  MacfclMry 
BCHT  Bury  *  OOk,  Ltd. 

MUA    iBRlM  *  

flteofleld  A  Kmmdr*  IM. 
Holt  A  WllletU 
Mathpr     Datt,  Ltd 
aic«  A  Co..  Ltd. 
Tajriw  *  OImUm,  Ud. 
%.  Wsnood  A  On..  Ud. 


A«nioy 
Holt  A  WlUetta 
TbomM  Snitb  A 
Smith.  Halor  aai 
Ltd. 

NptAMV  4k  Ctox  Ud. 
m.  Wayiood  *  (M..  Ud. 


8tr  "W.  O.  Annttrong, 
worth  A  Co.,  Ltd. 


WMI* 


huSm  AkMaU  *  Oft.  Ud. 


Anglo.AiiMfiWBOUOo.,Ltd.     "^"I^y*"*"""  "'^ 

ItotbwA  PiaU.  Ltd. 


■sport     iVHt^WKf  A 


HMMMry 
Tairlflr  A  OtalUa.  Ud. 


Dnwiy  Ou  Co.,  Ltd. 


(Hfd.). 


ladlMtan,  Ham  Pawar 
MUa,  Matooaii  Ud. 


IniMetlaa  Can 
Orawxy  Oar  Oo., 


davaraart 
HteiBia  A  Haitung 


BBMarAOfc, 


Ltd. 


 WtMlag  HsakMary. 

W.  AT/Avaiy,  Ltd. 


Iran  A 
Raati 

JoMpb  Alb  A  Boa 
Davioii  Bros.  A  Co..  Ltd 

Alrx.  Findlav      Co..  ttd. 
LUIeehall  Co..  Ltd, 
Tbo*  PigKOtt  A  Co.,  Ltd 
Bex  BooUiiK  Co.,  Ltd. 
&peac«r  A  Co..  Ltd. 


MMmg 

D«rmatlBe  Co.,  Ltd. 
John  Hudson  A  Co.li 

Biobaid  RUnmr  A  Oa 
Jtam  WaUnr  A  Oo..  Ud. 


Hodawall,  Oluka  Oo.,  Ud. 

PaotaM  ABmm 

W.  BUvantaaa  A  Co. 

tabrieanU 

l  iiikol  Vo. 

kobriaatan 

Batt«rwoftb  Braa.,  Ud. 
Joaepb  Kayo  A  Bona,  Ltd. 

Richard  Klloger  A  Co. 
frdk.  Hountford,  Ltd. 
J.  B.  'rr«aaur«  A  Co..  Ltd. 
United  Braaafuui 
BngiDe«r».  Ltd. 

Maeblaa  Taali 

James  Archdale  A  Co..  Ltd. 
Armstrong,  Steveoa  A  Son, 


J.  W.BrookaA  Co..  Ltd. 
mtdHua  Motor  Oo..  Ltd. 
W.  A  B.  Pollock  A  Oo. 
SeamlMs  ((teel  Boat  Co.,  Ltd 
Tom  Taylor  A  Sons,  Ltd. 
John  I.  Tboniy croft  A  Oo. 


3.  atmmd  WUta  A  Oo,  Ud 
Tanow  A  Oo..  Ud. 

Matar  dan 

David  Brown  A  aoo*.  Ltd. 
Drewry  Car  Co.,  Ltd. 
John  1.  ThonyotOlfc  A  Co 

Ltd. 

Matar  Vilva  Brladlnf  Fatta 
joiiA  Ookor  A  r 


VMkan  Ud. 
W.Bom* 


J  ■aahlnes 

JainM  Arrhiiale  A  Co., 
t»ru:;iiLi       llrog.,  Ltd. 
Joshua  Heap  A  Co^  Ltd. 
~  ABsMMKUd. 


Nammtrt,  MabM  A 
l>avU  A  rrlmroaa 


IML.  Koiiat,  iMalalad 
TiKM.  Bllla  A  Oo„ 


kalliai 

Janip.  Archdale  A  Co., 
Drammond  Bros.,  Ltd. 
TOflw  A  Otellaa. 


Ltd. 


Ian 

avid 


ft  Taiftl 

i&ehdala  A  On.,  Ud. 


David  Brown  A  Bona  (Hfd.) 

Ltd. 

Claika,  Cbapman  A  Co.,  Ltd. 


Latfcet,  tartaeing  A 
DMld  Bnnm  A 


Baring 


■atart 

J.  W.  Brook.  .V  CO..  Ltd. 
Mather  dt  I'latt,  Ltd. 
Sir  W.  G.  Armstrong.  Whit-     john  I.  Tbornycxuft  A  Co. 

worth  A  Oa.  Ltd. 
Henry  Barry  A  Oo.,  Ltd. 
BritUb    Enjdneew'  mport 

David  UruMru  A  SODS,  Ltd. 
John  Bardoo  A 
John  Cameron.  Ltd. 
Davis  A  Primrose 
Drummond  Brae.,  Ltd. 
Jo«hua  Heap  A  Co.,  Ltd. 
Luke  A  Spencer,  Ltd. 
Noble  A  Lund,  Ltd. 
Taylor  A  Challen. 
D.  A  J.  Tullls.  Ltd. 
VlakamUA. 

Hal   

iMlae  Naten  Tayioe  A  OhaMaa 

J.  W.  Brooke  A  Co.,  Ltd. 
William  Doxford  A  Sonit,  Ltd.  pg 

(Jasmotoren- K.-* l.ri k  IJeuU  Kajra  A  BoOi.  Ltd. 

Mitchani  Motor  I  o.,  Ltd.  ' 

\V.  iV  ^.  I'lillock  iV  Co.   

Seamless  Steel  Boat  Co.,  Ltd.  OA  ngnn 
Tom  Taylor  A  Sona.  Ltd.        l*>eodt  A  Vikoc.  ] 
Joba  I.  ThocBfanll  A  Co..    CMo.  MaiakOB*  A 
Ltd.  Ud. 

ONlaiey  Bros.,  Ltd. 


Nan-ContucUng  BallarftMNM 
Pip*  Cs«*Rngi 

S.  T.  Ta>lor  4  Sons. 

Hatching  MaablAM 
Taylor  A  Cballaa,  Ud. 
(Afmatim). 


Mettor 


Hantart. 


*Oo.,Ud. 


Sxpoit 


W.  Bwno  A  L 
Q.  A.  Hnmr  a  On, 


Gaamotoren-Fabrik  Deata 
Hitcbam  Motor  Oa«Ud. 
Pettais,  Ltd. 
W.  A8.Polloek*Oo. 
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i«hn  I.  tbornycroft  *  Co.,  Ptpt  litHag  t^tiMim 


IM. 

J.  8.  White  it  Co..  Ltd. 
Tarrow  A  Co..  Ltd. 


British    Kngloeen*    Bsporl    hmm  Althdal*  *  Oo-t  Ud 
Ageory  W.  *  8.  MlOflk  *  GO. 

Oalrd  4  lUynef 

iMMtng  MMklnw 

Henry  Bfirr>-  <*  Co.,  Ltd- 
Jolui  CnmiTon.  Lid. 
Oavia  A  Prtmroca 
Taylor  *  CIwUm.  Ltd- 


teMlng  MmIiImi 


Mm  Umi 

Thomas  rigi;utt  &  Co..  Ltd. 


08  InglnM.  HsrlM 
BobMck  *  WUeox,  Ltd 
Britlib   Bii8lD««n*    Eaport  .  ^ 

Aiteney  ^>**>  * 

J.  W.  Brooke  A  Co.,  Ltd.  Bal"  ck  v  WiUoi.  Lld^ 

CoIp,  MoRheiit  A  Hoitoy,    Ihom*!  ^^^^jf 

Croail'Ty  Bro«.,  Ltd. 

Vr.  A  ».  Pollock  *  Co.   ,  .  _ 

John  1.  Thornyciott*  Co.,  llHin  »  Mrtngi 

7. 8oDuel  White  *  Co..  IM.  iMkWOoA  *  OHflBib  Lid. 
Yarrow  A  Co..  Ltd. 


Clarke,  Chapman  \  t'l 
Oiyadala  A  Co.,  Ltd. 

WkUier  A  Ftutt,  Ltd, 

\lrhol«  Bros. 
."*uUcr  Brot. 
G.  .£  J.  Weir.  Ud. 


Ml  rail 
Aa8lo-Am«riG 


»OIICo.,Ltd. 


IM 


08  fHtf  Ta«k  fmm 

a.  A  J.  Weir.  Ltd. 

Oil  Tank* 

Thomas  I'lggott  .t  Co. 

Oil  WoilblRK  HMlilatry 
W.  AT.  AvMjr.  Md. 

OwtrlioM  TratriMrt 

Mather  A  Piatt.  LM. 

Tboa.  Sotltb  A 


nat«-B«fl<ia| 
Darto  A  Prtmnat 


Ltd. 


 ,  ItM  *  I  

BtMMita  *  Uofdi,  IM 


PaaaaialM  TmM 
Oallad  8tat« 
taf  Oa,IM. 


Packlnp.  HydrtaUo 

Dermatlne  Co..  Ltd. 
R.  B.  Lindsay  A  Co. 
Ronald  Trot  A  Co.,  Ltd. 
Uoitad  8Ut«  MotaUie  Pa«k- 

IBS  Oo.,  IM. 
7»mm  WtXkm  M  Oo..  Lid. 

Packlnp.  Mtttiiie 

lAncaater  A  Toose,  Ltd. 
R.  B.  Llndaay  A  Co. 
United  SUtM  MataUlo  Pack- 
ing Co.,  Ltd. 

Paiklngi.  Meaai 

Dermatlne  Co.,  Ltd. 
Fleming,  BIrkby  A  Uoodall. 


rtiM,  Teieykont  ft  Tranaai 
Slawaite  A  Uor*  Ltd. 


Puaipt,  TurUni 

Dryedale  *  t\>  ,  Ltd. 
Mather  ^  rutt.  Ltd. 

Panahing  MaefelnM 

Henry  Berry  A  Ca.  LM. 
John  Cameron,  Ltd. 
Davta  it  Primroaa 

RaBway  Meter  Can 

Drewry  Car  Cn  .  Ltd. 
W.  Silvenitpcn  A  Co. 

BritZb 

Agency 
Drewry  Car  Co.,  Ltd. 
Hartt-NeUon  <<!  Co.,  Ltd. 
Ranaomee  A  Raplei,  Ltd, 

Riaar^tn 

PalaCiaa  Bii8iiiwiia80o..IM 


W.  liderwood. 


aal 


IklH  :    MtrcHant,  War, 
Ughl  Draft  vmtli      .  . 
WUliain.Doaiord  <t  hous  Lt4. 
MltokaiB  Moloc  Co^Ltd. 
jfihB  I.  Tbenvonll  *  Co. 

Ltd. 
Vickeia.  Ltd. 

S.  Sanaii  Wbtta  A  Co..  Ud. 
Tanev  *  OA,,  IM. 


rtaoraaa  Butlin  A  Co.,  Ltd, 

•ilHtag  MMklaaa 

Taylor  4k  Ghalte^  IM, 

Mottint  Michlnat 
Jama*  Arcbdale  A  Co.,  Ltd. 


;Ud. 


*  Proade,  Ltd. 

PMi  Water 

tM  *  Co..  Ltd. 


Ltd. 


■•nlilMi.  PMi  water 

Ronald  Ti 


OlMM.llllMl4  OlktlM. 


JUetard  KUaKC  A  Oo. 
S.  B.  Undaay  *  Co. 
Booald  Triat  A  Co.,  Ltd 
laam  Walkac  A  Co..  Ltd. 


8.  T.  Taylor  A 

Paper  Plalana 

Ad.  Ahlprs 

Sir  W.  0.  Armatrong,  Wbit- 

woiib  A  (XX.  IM. 
Cbaa.  Martin  AOa 

PalenI  Ageab 

Harris  A  Milia 

PMfacitod  Matals 
W.BamaABoa^IM. 

a.  A.  Harroy  A  Co. 

PtUel  Lecomallfea 

\V,  Silvprstecn  A  Co. 

Pfeata  eafylai  Appa'*t<n 

9.  UMw  A  00,  Ud. 


Heory  Berry  A  Ca,  Lid. 
Htna  A  Oo»  Lid. 
Taylor  A  OhaUo.  LM. 

PraMIng  Machlnei 

Jamet  ArctadaU  A  Co.,  Ltd. 

PiMtohart 

Chaa.  Ortffln  A  Co.,  Ltd. 
Croeby  Lockwood  A  Son 

Paiiayi 

flaming  BMky  *  OoodaU, 

Ltd. 
Holt  A  WMii 
Hadawall.  Obka   A  Oo., 

Ltd. 


RIeeti 

Armatrong,  Stevena  ASooa, 
Ltd. 

Karbwt  W.  Padam,  IM. 


Mampiap,  Orai 


H^0^        ^90a^  S^fe^La 


Ltd. 

Sir  W.  O.  Armstrong,  WbH- 

worth  A  Co.,  Ltd. 
DelU  MeUI  Co.,  Ltd. 


If  NriU 

Herbert  W.  Periam.  Ltd. 


Jam  Walter  A  Oa,  IM. 

•a«  natat,  circular 

Roibertiam  Forge  A  Boiling 
MUla,  Ltd. 


IhHRMfM 

».P.  ~ 


Ban  A  8<nt.  Ltd, 


Pampi,  Oantrttagal 

T.  H.  A  J.  Daniels.  Ltd. 
Drysdale  4  Co.,  Ltd. 
Mather  A  Piatt.  Ltd. 
Onlted    Bcaiilomdni  A 
Bnglaeera  IM. 


81.  ABdta«r*a  SnaltlBg  Oo. 

''1l^/Barna  A  Bon. 

HftartRi  Maahlnaa 

Jaain  Aiebdala  A  Oo^,  Ltd. 

BMpAOowTtta. 


Dai  ted  BUtea  MataUta  Paok- 

Ing  Co..  Ltd. 

•team  Trapa 

Lancaster  A  Tuase,  Ltd. 
Cnited     Braaaloundera  A 

Xaclnaan,  Ltd. 
OniteSiltatee  MataUle 

taif  Co.,  Ltd. 


•irawing  MaGhlnca,  8aH 
Joobna  Haap  A  Co..  Ltd. 


8lr  W.  Q.  Armstrong,  Whll- 

worth  4  Co.,  Ltd. 
Tho».  Ellin  A  Co.,  Ltd. 
James  Fairley  A  Bona 
Stewarta  A  Uoyda  Ltd. 
Vickera  Ltd. 

•taal  Famttara  A  FMtfnp 
All  Metal  Oooatmetlaa  CO.. 


f.HaMon  AOO..IM. 


Pampa.  HydraaHa 

Henry  Berry  A  Co  ,  Ltd. 
John  Cameron,  Ltd. 
(llentleld  *  Kennedy,  Ltd. 
I.mchall  Co.,  Ltd. 
Ulce  tt  Co.,  Ltd. 


ittawini  Maehlnaa,  Pipe 

Joebua  Heap  A  Co.,  Ltd. 


•teariag  Gear 
HarAold  A  Co. 

A 


Pig  Iran 

Tboniaa  BalUa  A  Co.,  Ltd.  Pnn^i 


Lakriaattnt 

jilen 

Unltad  Bnaafosndoia 


.  8Ml-DMi«  lagiaii 

*  Pattan.£M. 


iota  L  XhorayoNll  A  Oo. 


Hauy  Bany  A  On..  Ltd.  BB8iMan,iM.  W.  A  flL  Poiladt  A  Oo. 
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•mOm  Am  nui 

>  John  CammB,  IM. 
Cole,  Mtfalmt  *  Morlsv. 

Ltd. 

T.  H.  A  J.  DanleU,  Ltd 
OMmotoT«n-Fabrlk  Deuti 
llAtbsr  A  PUU  Ud. 
W.  A  S.  Pollock  A  Co. 


law  Omh 


PAmom 


Vf.  AT.  Av«y,  LM. 


Drommond  Bxo*..  Ltd. 
Tkylar  4k  CbUnTlM. 

Tmm««  Batta  and  OMirtytr* 

SlmpBon,  StrtckUnd  4  Co.. 
Ltd. 

John  I.  Tbornycroft  A  Co., 
Ltd. 

3. 8«mnel  White  A  Co.,  L«d. 
Ymrn  *  Co..  IM. 


TraniMrtan. 

Bleldiert'A  .  AcrUil  Tranii- 


JnhB  1.  Thornyeiolt  A  Co..  Wator  .OmImI* 

Ltd.  Hmmm  *  Vtondc,  Us. 

Vickrrt.  Ltd  Oi.  WbHIkkw  *  Ov.,  Ud. 

v.£L7 A«h5  Sti  Baboock  A  WUcox.  ltd. 

xanov  C  tMi,  IM.  M»th«  A  PUU,  Ltd. 

UBtt«d    BcaMloaad«n  * 

Tatel  BrMi 
Sir  W.  Q.  ArmttroBg, 
worth  A  Co..  UC 


Water  WkMlt 

Dftvit  A  Prlmrote 


*  Wilcox.  Ltd. 
A  Vioail«,  Ltd. 
SdHaMTi  8npwhMttnt  Oo. 
(IMOI.  IM. 

•amilni  iniUuatata 
J.  HaldeD  A  Co..  Ltd. 

Tiaiti 

JOMBh  Ath  A  Ron 
DavifS  Bro».  A  ('»  .  Ltd. 
O.  A.  Harvey  *  Co. 
J.  A  B.  Hooatan  A  Kerr.  Ltd. 
MaMwftPlatklM. 

I  FlnaM  *  Col,  Ud. 


Tiflar  Wta 

rrwlariek  Bnttb  *  OOb.  Ud. 


Traain4t 


Tifar 

MmiMofd,  IM. 

^%kaa  Baap  *  Oa^ 


Tacbnical  Tranriattn. 

Ashwortb  A  Co. 


*0b, 


AOa..  Ud. 


TaM,  Braai  *  tfpu 

Wm.  BayllM,  Ltd. 
BrougbtoD  Copper  C<i.,  Ltd. 
Ofkak  Ofiea  k  Boa.  Ud. 

ar  MM 


TyMwrfttn 

th.!  •  ContiQfnUl"  Typa> 
writer  Co.,  Ltd. 

VattM 

Dermatlne  Co..  Ltd. 
OtoBOeld  dt  Kaaaady.  Ud. 

Ronald  Trist  A  Co.,  Ud. 
United     Braaffnaadaia  A 
Xagiagan,  Ltd. 


lataMaf  MaahlaM 
W;*f.Avciy.Ud 


WUdlai 

Joaepb  Afli  A  Sea 


Wkieli 

David  Brown  A  Son* 

Uka  *  SMMairiM. 
BaMQaatda.; 


 Hvdraallc 

Banry  Berry  A  Co.,  Ltd. 
Biea  ft  Co..  Ltd. 


HoyI  Malal  Co.,  ol  Oiaal 
Britata.  Ud. 


Tall 


Tool  tttal 

Thus.  BUin  A  Co.,  Ltd. 


 Taba 

On.,  Lid. 
Btamrta  dt  Uoydi^  Ud. 

Tat  BaMi 

filtcbam  Motor  Co..  Ltd. 

TimH  tag  Mirii 


Watkwt.  Iraa*.,^ 
Armstroai,  8tafaBa4 

Ltil. 

i;r(jst'r  (t  Co..  Ud. 
Herbert  W.  Patlaah  Ud. 


Wlnehtt,  lladfiMa 

<'i'krk<-,CMpnwn  A 
HarAetd  *  Da 


Oa.,Ud. 


:teitli*Ooii  Ud. 

Wire  Ro^wafl. 

Bloicbcrt'a   Aadal  TnM 


*Oeu.Ud.  OaoW.WaMaa. 


Wirt  Waatan 

W.  Barn*  A  8oo 
0.  A.  Harvey  A  OBl 


TarMaat,  Mtaai 

er  B: 


Taato 


ANMala  ft  Oa..  Ud. 


Peter  Brotbarhood,  Ltd. 
Jamea  Howden  A  Co 
Mathar  ft  Piatt,  Ud. 


Flaming.  Blrkby  ft  QaodaH     ^^SSto  Oa. 

O.  A.  Patao,  LM. 
3.  B.  TiaawMTOa..  Ud. 


O.  A.  Banvf  ft  Oo. 
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Abltn.  Ad.,  SandwlMld 

AnRlo  Amrrican  Oil  Co..  Ltd..  S6-S8,  Qneaa  A«M*» 

Oat«'.  W«Hitmini«ter,  S.W 
Arohdkle  A  Co..  Ud..  JftRiw,  MudwrtM  Wwki,  ltd* 

Mm  Street.  Blnalngtem 
AnnttronK.  StaviM  *  Son.  LM.,  Wfelttall  etiwl. 

Blrmloiihara  _ 
AfuMteoM.  WMIwortli  *  Oa^  Ud..  fttar  «.  O..  OpM* 

ttrnw  Woita,  HBBcliMtaf 
Art  M**«lron»«riicfi(.o  Co.  r,t<I  ,  .'.  fi  .V  7,  1ti>lliorii 
hliiNidoa,  K.r. 

Aih  A  Rod.  Joseph,  Ro>  Street  South.  Btrmlogbam 
Anhwrth  *  Co  ,  2«,  Victoria  Street,  Wi^«tinlMt«r,8.W 
Avery,  Ltd..  W  <k  T..  Soho  Work*.  BirmingbMB 


Mbcock  A  WUcoi.  Ltd,  OlM 

Street.  Loadon.  E.O. 
Bum  A  800,  w..  QaeciMlsnd  Road.  Hollowajr,  London, 

». 

BayUM.  I.t'l..  Win  .  Shfcpcnte  Street,  BlnniogliMD 
Beonli,  Ed  'I  Cn  ,  i.t.i  ,  LitUe  Holtoa,  B«Moa.«MISS 

VictorU  street.  Weittnlniter,  S.W. 
Barrr  A  Co..  Ud.,  Umtf,  Onydoa  Waafci;  HumM. 

Leedi 

Blrii-h<'rt>  Aerial  Transporter*,  I-trt  .  Egypt  H"U*r. 

3fl,  N>w  Urttnd  Street.  London,  K  I'. 
BriUnh  Bnglneen'  Export  Agency,  S,  Lombard  Court, 

London,  B.C. 

Britinh  .Maiiut.-<iniann  Tul>e  Co.,  Ltd..  The.  SalUbury 

House,  London  Wall.  London,  JCC. 
Britltb  Mlea  Co.,  Ltd.,  LaMaoa  Bond.  W»adtwoitli, 

London.  S.W. 
Uro->kf  A  Co.,  Ltd.,  J.  W.,  Adrian  Work*.  L<iWe»itoft. 
Brotbarbood,  Ltd.,  Petrr,  PrterborooRh.  and  5!!,  Parlto- 

ment  Btnot,  LondoD.  S  W 
BrougbtOO  Oo|>p«r  Co..  Ltd..  The,  Mancbetter 
Bmra,  AVnd,  Barrow'ln-Fnmana 
BiovB  A  Bona  (Htd.).  Ltd..  DnTld.  Park  Oenr  Wofkn. 

Loekwood.  Hnddenfleld 
Ball't  Metal  A  UeUold  Co..  Ltd.,  Voker.  nr.  Ghuaow 
Burdon  A  Sooa.  John.  Caldcrvale  Works,  BellataiU.  or. 

Olaagov 

BntUa  A  Co.,  Ltd.,  Tboa.,  WeUinoboroagb 
BirtlMinrtbBMh.Ud,llMrtaBBwtb  OtaMWoto. 


OUtd  *  Bnjnw.TTT, ' 

IiOBdoO,  B. 

Ommno    Ltd.,  John.  Oldflald    Boad  Iroairorki, 
MMKbeater 

Citroen  <!«  ar  (     ,  Mil  ,  Thr.  ^T,  (^iicf  11  Victoria  stru  t, 

Loiiil.iii,  i;  I 

Clarke.  Cbarmao  A  Co.,  Ltd.,  Victoria  Works,  Uates- 

bead-on-Tyao. 
Ctydeadnto  UhMBkal  Co.   7t,  Oreat  Clyda  Straat. 

Olaaivw 


Cochran  A  Co.,  Annan.  Ltd.,  Anoan.  Scotland. 
Cole,  Marchent  A  Vorley,  Ltd.,  Prospect  Foundry, 
Bradford 

•  ('..ntlneiitaf  Tv|K  «rit.  r  CW..  Ud..  The.  IS  A  14i 

BHrhtcaii.  I.<m.|.m   K  C 
(  on  trail*  I  Cniult  ii»'t  .V  K  iii'  » ii'  Air  I'lirii  p  Ci>  ,  ltd  .  3, 
Central  Buildiuip,  Wcatminttor.  lAindon, 


Bvaa., 


'ifi:. 


Daniela.  Ltd..  T.  U.  A  J.,  UgbtpUJ  Ironworka,  Stroud. 
Oloa. 

Davira  Bros.  A  Co..  Ltd.,  Ciowa  Workt.  WotTcr^ 

liuiipton 

iV  rrir:irij«>',  Ctna  Iraawoiki.  Leitb.  N.U 
DdtA  M  <inl  Co..  Ltd.,  Baat  OnMUM,  London.  8.B. 
Deruiiitlnr  Co..  Ltd.,  M,  HMt*  SIlMit  OMBkcrMU, 

Lomlon.  S.E. 

Dlck»on,  I>riii|;le  A  Co..  Norman,  25,  Victoria  BInal. 

We»tniiii«li  r,  S.W. 
Dobbir  Mclnaoe.  Ltd.,  67,  Botbwall  IMfMl,  I 
Doxford  A  .Sons.  ltd..  WllUai 

Sundnrlaod 

Drowry  Oar  Co..  Ud..  Tb*.  Blvtr  Hate  HotM,  IS. 

Booth  PUco,  London,  B.C. 
Drummond  Bros..  Ltd..  Worpleadon,  nr.  Qnlldfofd 

Surrey 

Dijid^jB^  Co.,  Ltd.,  Boa-Acootd  Wocka,  Toktr,  ar. 


ltd.,  wiiuaaa.  PalUaa  SUpjrard. 


BIUa,Tlwmaa  *  Co..  Ltd.,  BylvMlar  Worka,  BMold 


Falrley  A  Sons,  James.  Old  Mint.  ShadweU  Strwt, 
Birminsbam 

Fiiidlay  A  Co.,  Ltd.,  Alex.,  KottaerweU.  Scotland. 
Fleming.  BIrkbr  *  Oooddl,  Ud^  W«t  Omv*  " 


Gasmotoren-Kabrik  Deuti,  ColoKne-Dentx  Germany. 

(London  Oflic  :  )  \V.  Silvcmteen  A  Cd..  147.  Cannon 

Strt'Pt,  Lriiiiliiii,  K  ('. 
Ulenbolg  Union  Fireclay  Co.,  Ltd-,  The,  tS.West  Begant 

Straet.  OUagow 
OUnllela  A  Kennedy.  Ltd.. 
Graham  A  Co..  Allred,  St. 

Park.  S.B. 
(Jreen  A  Son,  Ltd  ,  E  ,  2,  K 
(inco,  (iriro  *  Sou,  Ll  l  ,  Sli 
<Jriffln  A  Co.,  Ltd..  Chorlei, 
aravat  *  Oa.  Ltd..  Wkul 


Knmaraoek.  1V.B. 

Andrew'!  Works,  Orofton 


xi  luini;i<  ."Street,  Manrho«trr 
••(■jH- dtp  Street,  Biraiiniiharo 
Exeter  Street,  Strand,  "W.C. 
'  ailfBnad.ll. 


Ualden  A  Co.,  Ltd.,  J.,  9,  AlkMt  I 
Bah  A  8oH^  Ltd.,  I.  P.,  Patatb 
Hatdald  *  Oa.,  BlaydM  Itea  Worka,  Mawgaatia*oa- 

Tyno 

ir  ithii.',  \V,  n  47,  Fintibury  ravcinent.  Lonlon.K  C. 
Uarper,   FhlUlps  A  Co.    Ltd.,    Albion  Foundry. 


Pla 
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tUnU  A  MUto,  S4  A  S&,  Hlgb  HolbM. 

W.O. 

Hftrvey  A  Co..  a. A..  OrMowlcb  M«UI  Worln.  Wool* 

wtak  Bo*d,  London.  _ 
Hmp  *  Co..  Ltd.,  Joita%  OUhM 

Tool  Wnrin.  A«htoa*a«r-lvw 

He.'rinii  it    Krouile,  UA^ 

Works  Worcester  _ 
Ho4t  A  WllletU,  Lion  Wotfea,  OaMmf  Hwlh.  I 
Houston  *  Korr,  Ltd..  J.  *       CartsbaTB  rooadry 

and  Olpnhurn  Enijlnecrlna  Work*.  Ornpnock 
Howden  *  Co.,  Jamw,  Scotland  8trB«t.  Glangow 
Hoyt  Mi-UI  r'o  of  Orn.it  Britain.  lAA  ,  25,  Blllit«!r 

Street.  l,.Miiii>'),  i;  r_ 
Hadton.  Jobn,  A  Co.'s  Saccmon,  «,  Victoria  Manslooa, 

lUoMll  StTMl.  London.  B.     .      .     ^  . 
Hoidiwtll.  Oluira  A  OOi..  Ltd.,  BnUmj  roudn,  Ltoda 
Bml,.Hdm  «,OjK,  IM.,  0>*W>«  Bollliit  Itoak  A 


Qaeen   Victoria  Streot. 
4.  Llojda  ATeoaa.  Loodon,  S.O. 


v«  WockB, 


Bttotol 
WottatBlr* 


InRersolI-Band    Co.,  185 

London,  K.C1. 
Ishcrwood,  J.  W 


Futat  Fooodry  Oo..  Ltd..  Darb; 
Peekett  A  SoM  ' 
PerUm,  Ltd., 
mlogbAm 

Peters,  Ltd.,  O.A.,  Derby 
^tten.  Ltd.,  NautUjMWOTka,  Yeov» 

OlHgow. 

Pomr.  H.  W..  31,  QiK-m  VtrtoiltStr.-ct.  r.omlon,  B.O. 
Po««r  Plant  Co.,  Ltd.,  Wort  Dnyton,  MHdIoaex. 


Banioma*  A  Rapier,  Ltd.,  S2, Victoria  StrMt,  LondOMt 

s.w 

R.  i.vi  ll  .t  Co.,  Ltd  ,  Ranelftdh  Worka,  Ipawlcb 
Ui  1  1  A  ,Son«.  Thoraaa,  Paisley,  ."Scotland 
Hold  Uear  Co.,  The.  Llnwood,  Paisley,  K.B. 
Keallient  StMl  Oear  Co.,  "A"  Floor,  Milbum  HOMM 

Nowcaatle-on-Tyne 
Bex  RooflDf  Co.,  Tbe,  Ooonawater,  B«Uatt 
aice  *  Co.  (l.eoda!.  Ltd  ,  ElUad  Bead,  Leedl 
liotborham  Forge  aoa  Bolting  Mllla  Oo.,  Ltd.,  Bother* 

ham 

Battell  A  Oo.,  Ltd.,  Qeorge,  Motherwell,  nr.  Gbugow 
Ku««o  Brltiiih  Chamber  u(  Commerce,  4  Uorocboval, 

St.  Petersburg,  Bawla. 
BotlMrford  A  Oo.,  A.,  llepMM  Woiki,  Birkcnbaad 


ltd.,  JoMpli,  Kmyffw  Pntant  iMft  Worta. 

KMWOtth  A  Co..  Orlando,  AtttrciitTi-  B»ad,  Sheffield 
—     f  A  OOk.  Uflkud,  M,  Pancbnreb  iUtM,  London, 


Lancaster  A  Tonge,  Ltd..  Pendletoa,  MaDcbetter 
Lllle«hall  Co  .  Ltd  ,  Oakennatee,  Shropshire 
Lindsay  A  Co.,  B.B..  i3,  Malr  Street,  PlanUtloo, 
CMMgow 

IrfMftwood  A  Oarllile,  Ltd.,  Eagle  Foandrr,  Sbeffleld 
Lockwood  A  Son,  Croaby,  7,  Stationers'  llall  Court,  and 

5,  Broadway,  London,  Weslmlustfr,  .S.W. 
Lake  A  Sponcer.  Ltd.,  Stag  Soglaeeriog  Works.  Broad- 


Manball,  Fleming  A  Co.,  Motherwell,  N.B. 
Martin  A  Co.,  Chas..  Kelvin  Works,  Qatesboad-on-TfM 
Mather  A  Plait,  Ltd.,  Park  Wurk«,  Manchester. 
Merryweather  A  Sons,  Ltd.,  Oreenwleb  Boad,  8.B. 
Metallic  Valva  Oo.,  Colonial  Honae,  Watar  Btraot. 

LtTatpool  _  .  , 

MUler  AnU'Fftetlon  Matal  On.,  Ltd.,  S  0«n  Straot, 

Mandiaatar. 

MttCBaok  Motor  Co  ,  Ltd.  CTbe),  ttlradnboj  Taid, 
Coins.  late  o(  Wight 


National  .Mlovs,  Ltd.,  "  Altior  f  oundry.  "  Tlif  Hill, 
llf.jr.l.  ):. 

'*  Kayai  and  MlUUry  iiocord,"  The,  SI,  Oaorga  Street, 
Plymonth 

llntaOB  A  Oo..  LM..  Ohat..  itoeMMi.  ar.  Bogby. 

Warwickshire 
BtalioU  Brae.,  Ltd.,  OakwcllKate,  Oateshead-OD-Tyna 
Moble  A  Land,  Ltd.,  FelllDg,  nr.  >ewcasile-ou-Tyaa 

North-Eastern  .Marine  Kuulncerlng  Co..  Ltd.,  NorUl* 
ttuiberland  Engine  Works,  Wallsend-on-fyae 


Schmidt's  aoperbeatlng  Ooi.  WW  tid.*  Mb  Victoria 

street,  Weetmioster,  S.W. 
Soamlaia  Steel  Boat  Co.,  Ltd.,  Calder  Vale  Bood 

Wnkodeld 

Shipping,  Engineering  and  Machln'Tv  KxMliltlon,  104, 

Hl^  Holboru,  W.C. 
Stlversteen,  W.  A  Co.,  147,  Cannon  Street,  London, 

£  C 

aimiwon.  Strickland  A  Co.,  Ltd.,  Dartmontta,  S.  Devo* 
Skoda  Works,  Pllsen,  Ltd  .  Kaatt:as»«  S,  Vieaaa  t, 
Austria 

Sralt  *  Zoon,  L.,  ElBdncdUk,  HoUand 
TftdMUki 


8nl* 
OHMWoita 


Smith  *  Co.,  Ltd.,  F« 

ford,  Manchester 
Smith  A  Sons,  Thos.,  StMB  tad  1 

Bodley,  nr.  Leeda 
Smith,  Major  A  Stevena,  Ltd.,  Battertea,  S.W. 
Spencer  A  Oo  ,  Ltd..  Melksbam,  WilU. 
St.  AndroW*  Sm<'lting  Co.,  30,  .Market  Street,  City, 
Glasgow 

Steinle  A  Hartung,  Quedilnburg  48,  Oeriuany 
Btewarta  *  Lloyda,  Ltd..  M,  Otwald  Stroat.  OImbow 
Sntaat,  Qobrndor,  WiatartlMt.  Svllntlaad 
8«ltciMM  *  CowaM,  Ltd.,  Spfla^Md  Lmm  BalfWd, 


Taylor  A  Sona,  n.  T.,Tynoa  Worka,  Seotswood-ofi-Tynn 

Taylor  <t  snnx,  Ltd..  Tom.,  Staines,  Mlddlraex 
Taylor  d  Challen,  Ltd.,  Oonatttution  Hill,  Birmingham 
Thermit,  Ltd.,  27,  Martin's  Lane,  Cannon  Street, 
London,  E.O. 

Thorn,  John  K.,  Canal  Works,  Patrlcrolt,  Maocheatat 
Thomycroft  A  Oo.^Lld.,  iobBl.JrablM»y  JtanaitiiMBk 

Caxton  Honae,  waatmlMtar.  undfom,  8.W. 
Treasnre  A  Co.,  J.B.,  Vanxhall  road,  Uvarpool 
Trmt  A  Co.,  Ltd.,  Bonald,  CoronaUoB  BOdM^  4 


iloyda  Avenno.  iLoodoo,  i.O. 

.ttom,  Ltd.  o.  4k  I.,     — - 


Onlkoi  Co.,  46,  Fi  n'liuri  b  ^tirH,  Lt  ndOB.  B.O. 
OallOd  BfMifoaodera  ana  Engineen,  IM,,  XinNM 

Foandry,  Combrook.  Manehaatcf 
OaMad  SUtea  MataUta  tiMag  Oo.,  Ltd.,  Soho  Woiks 

Bradlotd 


Onlny  * 


Ltd.,  John. 


S.B. 


Tickera.  Ltd.. 
S.W. 
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Wklker  A  Co.,  Ltd.,  Vmbm.  Uon  Wotka,  Qutofa 
Street.  WMt  Iidte  IT   '  ~    '  ~ 

«o-TyBe 

Walton.  Oeo.  W.,  ttmiMt  Wofka,  homtnimA  ftow, 

Leeds 

Wayfood  A  Co.,  Ltd.,       ffklsMtli  Xoad,  Ofnt 

I>OT«r  Street,  8.1. 
W«lr,  O.  and  j.,  Ltd.,  flitlmft.  Olt^nw 
WcUn  Davit  A  Enginnvtag  {H>.rLtd..  6.  Uojd^ 

Awnup,  London,  B.C. 
W«f  Onsto,  rirma  A.  V.  I 

BdMwdam,  Holland 


Whlta  A  Oq»  Ltd.,  f.  BaMUl,  Faleon  Works,  Bait 
Oovw,  I.W. 

WMtUkf r  ft  Co..  tM.,  0..  Dowry  ttfMl  tmirarkt 

AcciiDston 

WIUoQ.  Alex.  S.  Lo/nbard  i  "urt.  Loodon.  K.C. 
Woodlte  Compasy,  Mitcbam  Oonmoa,  Bomy 


Yarrow  A  Oo  ,  Ltd.,  Qlaigow 


For  indm  to  Advwrttamumta 


pSffM  39*  30t  33  *  34. 


In  cases  where  names  are  jjfiven  in  the  classified  index  and  the  advertisements 
of  such  firms  are  not  in  this  issue,  they  will  be  found  in  the  foilowiiiff  issue. 
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CASSIER-S 


STEAM  SPECIALITIES 


ENOINEERINO 
MONTHLY 


There  are  many  ways  of  firing  Boiler  Furnaces^ 

/^NE  way  is  to  ojx>n  the  iluor  and  shovel  in  the  coal  when  the  tire  gets  low,  and 
that  way  is  all  too  general.  It  means  low  boiler-duty,  damage  to  boiler  plates, 
and  a  smoky  chimney,  together  with  a  high  coal  bill. 

Another  way  is  tolireby  means  of  any  stoking 
machine,  of  which  a  specious  agent  can  induce 
purchase,  quite  irresjX'Ctive  of  its  suitability  for 
the  type* of  boiler  to  which  it  is  to  be  applied. 

A^^bettcr  way  is  to  ensure  that  a  machine 
stoker,  of  approved  design,  suitable  to  individual 
requirements,  is  supplied  and  installed  under 
specific  guarantees  of  economy  and  efficiency. 
'  Bennis"  machine  stokers  and  self  cleaning  com- 
pressed-air furnaces  have  stood  the  most  severe 
tests,  and  invariably  exceed  their  guarantees. 

They  are  doing  excellent  work  in  many  of  the 
boiler-houses  of  the  principal  industries  of  the 
United  Kingdom,  and  are  reducing  the  coal 
ct)sts.  increasing  the  boiler-duty,  and  maintain- 
ing clean  chimneys.  They  pay  for  themselves  many  times  over  within  a  very  short 
time.  Write  for  "  Cheap  Steam  and  Clean  Chimneys  "  pamphlets  to  Ed.  Bexnis 
&  Co.,  Ltd.,  of  Little  Hulton,  Bolton,  and  28,  Victoria  Street,  London,  S.W. 


"B«nnU"  machine  stokers  art  applicaM* 
to  one  boiler  or  many.  They  increase 
steam,  abolish  smoke  antf  rttfuce  the 
coal  bill. 


STEINLE&HARTUN6 

QUEDUNBURG  48  (Germany). 


CsUlogue 
fre«  on  T '  j 
•pplleiUan. 


GOVERNORS 

for 

Steam  and  Ga» 
Entflnoa, 

Steam  &  Hydraulic 
Turbine*. 


SHAFT 
GOVERNORS 

for 

PISTON  VALVE  and 
DROP  VALVE  GEARS. 


HARPER, 
PHILLIPS  &  Co..  Ltd.. 

GRIMSBY,  Eni"*- 
  ESTABLISHED  1870.   
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SIMPLE    ENOLOSEO  RECIPROCATINS 
ENGINES  PGR    STEAM    NAVVIES,  CRANES. 
PUMPS   AND   GENERAL  PURPOSES. 
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CASSIER'S 


MARINE  PUBLICATIONS 


"XHE>  SHIPBUII^DE^R." 

TH*  NOVCMBIR  NUMBIR  oontftttift  Artleto*  on 

TBI  LATK  ok.  RrnoLP  DmtL  (Frontupttei:). 

Vmt  r.».PA(MR\aCR  A!rDCAIMOSTKAVKES"OAnOtlt"  AW "M*inWBAl>" (WttlkM fffttllMMtM). 

OBirrARV  IDK  K   niKKKI..  MR  J.  a    Ilnwiii:>-,  MR.  A.  MrCKKDtK,  Atm  tiB.  R.  J.  DODOIOXl. 

THE  HERMAN  N  WM,  AIRSHIP  UfATtll 

THK  SHII'MI  ILI'INO  REriRX!*  l>»-  I.LuYIiS  Kn-I^TKIl 

THE  ISCRr.ASINO  EMPLOVMKNT  or  DIRSKI.  Km.inkI'  >»  VCSSBU. 
A  I'NITt:!)  STATES  W()UI>KN  IJCtHTHOl'SE  Tt:.M>ER  (inlA  I'lant]. 
TUB  KBW  KZrBBUIBMTAli  TABK  AT  HABBITBO. 

THB  SWBDiaB-BrtLT  MOTOB  BHTP  "  UniTK  JmrTBBR"  (iriM  Ptun), 

THK  LoADLtNi:  CoMMtTTEK 

THE  JAPWESK  llATTl.K-(  Rri--M;     Ki'Ni.o"   uilh  7  lUuilralicPM). 

■|IIE  ICLIHTRIt'ALtV  rKOPEM.t  |i  ('AR<Jii  .-^HIP  "  T  VN  EMor  NT  "  {lUutlnlti). 

THK  CitLLIHKtS  DaMAOE  to  H  M  S.  "  JACRAL"  ilUufra'eit). 

THE  UI  MIAS  .37- KNOT  IIKSTROVRR  "  XoviK"  ilUHtlralfd\. 

TBB  ABOBKTINr.  BaTTLKHHIP  "HlVADAt-U"  {Ututlratrd). 

Vabbb  op  New  British  WAiiaHtn. 

Lai  nch  or  THE  Fiu  v<  II  mTTi.pfnir  ■  i.orraise"  {IUm$tntt4\, 

THE  ANN'  AL  lUl'"Kt  111    I.Lrl^ll^  KEHI^TER. 
l*ROCEKI>IX<iS  HE  THE   TEi  MNII  tl.  SO(  lETItS. 
BOOK  RET1EW8. 

NKW  SKIPBUILDINO  AM>  MARINE  KSUIKBBBINO  COXTRACTS. 
NOTBB  OX  MOTOR  TRArr. 

NOTBS  PBOM  THB  SHIPHI  ILPtNO  CRKTBBS  (llfmffwM). 

SfOTES  FROM  TBB  KoTAl.  I>o<  kYARHS 

The  MnNiH'8  LAVSrHl  -  *NM  I  KIM   rmi'S  ///m/ro.Vrfi. 

Wiril  Two  KoLItlN'l  TLWS  OE  THE  T.S..>4.  "  ( i  ABLoV  7. ' '  ANIi    •  MARIEXBAP." 

AIIIIUAL  tUBtCRIPTION  :   9*.  Od.,  part  Im  !■  iht  Britlih  IdM  ;  Ts.  Od.,  pnt  IriOB 
•aaaia  bt  iiB»fBBB«BB4  s  torn,  OtSL,  pBrt  irw  ts 

•IMLE  OOnn,  M.  pBM  fffBB,  • 

•«THE  SHIPBUILDER*'   PRESS,  NEWCASTLE-ON-TTIIB,  BKOLAHD. 

Or  throuiph    all  NewsnKenta. 


THE 


Naval  &  Military  Record 


AVD 


Royal  Dockyabd  Gazette. 


Cvmry  WBdmmmdmy^  i  t  Priem  Twogtmnamm 

LORD  BRASSEY.  •ddreaaiof  the  C«pe  Town  Naval  Volunteers  in  February,  1910. 
said: — "Ab  I  sbaU  ttotnaveaaother  opportanity  of  Bpeaking  in  thia  oovDtry, 


it  is  proper  that  I  should  make  known  the  \  ftry  latest  (acts  in  connection  with 
the  Navy.  My  information  is  gleaned  from  Th--  XaviU  and  Militnry  iU^ont,  quite 
the  best  Service  journal,  the  latent  number  of  which  has  just  reached  me," 
Lord  Drassey  also  quoted  at  considerable  length  from  Tkt  Uttonit  leading 
artide  on  the  progreBi  of  the  Dockyards  daring  the  past  year. 


London  &  Private  Wire  Office :  47.  FLEET  STREET.  EX. 
Chief  Office  :  31,  GEORGE  STREET.  PLYMOUTH. 


70 


Digitized  by  Google 


MARINE  FITTINGS 


ENGINEERING 
MONTHLY 


THE  SKODA  WORKS, 


PILSEN  Ltd. 

HEAD  office; 


MANUFACTURERS  OF 


PILSEN.  BOHEMIA. 

KANTGASSE  3.  VIENNA  1. 

STEEL  CASTINGS. 


Titrbin*  CuInt  Su^plltd  to  Mtssn.  BI«hM  ft  Vm> 

Catting!  to  the  reainremrnta  of  all  Foreixn  Naviet  and  War  Offices, 
Bntiib  Board  o(  Trade.  English  and  German  Lloydt,  British  Cor- 
poration and  Bureau  Veritas. 
OUTPUT:  APPROXIMATELY  1.500  TONS  MONTHLY. 


CAST  STEEL 

STERN  AND 
RUDDER  FRAMES. 

PROPELLER 

BRACKETS. 

PROPELLERS. 

DREDGER 

EQUIPMENTS. 
CAST  STEEL 

PISTONS, 
CYLINDERS. 

VALVES. 

TURBINE 

ROTOR  PARTS. 
WHEELS. 

SPINDLES. 

CASINGS. 

FLY  WHEELS 

Up  to  £0  Ton* 

Walgllt  37  Tom. 

5o/«  BrUith  ntpr'ientatwe  : 

ALFRED  BROWN. 

BARROW  IN  FURNESS. 


STEEL  FORCINGS. 

ROTHERHAM  FORGE  AND  ROLLING  MILLS  CO.,  LTD., 

ROTHERHAM,  YORKS. 


Tckgriims  ;  •  1  l>KCiK,  KUTll  IU<  II A  M.  ' 
National  Ti-le|>honc :  Nos.  4  and  4-0 


Contract  firs 
to 

The  A.lmir.iltv. 
War  «)Mi>-<-. 
Hoard  ot  Tr.id<-, 
]}riti>h  »nd 
For<MKii 
Rallw.iV'i  aixl 
GovcnniM-nl-., 

and  mak<T-»  i>l 
to 

l.lovds. 

Itriti!.)! 

Corporation 

and 
Dutoau 
Vrrita*,' 

ln>|>ecttoti. 


Manufacturers 

of 

Steel  TorKings 

of  every 
dexi  ription  up 
to  IS  tons. 


MACIllNF.P 
1  INISHKU 
iiiid  in  the 
ROrGH. 


SjiriiallV — ■ 
CR.XNK 

SHAl'TS 
of  every 
dejcriptiun. 


ROLLERS  of  STEEL  BARS.  RODS  and  SHEETS. 

Specialty  i    Circular  Saw  Platea  up  to  6  it.  6  in.  dim.  Rolled  &  Pared. 


7^ 


Google 


CASaiER'S 


KNOiHeeiMNa 

MONTHLY 


RUSSO-BRITISH 

Chamber  o!  Cotiunerce, 

ST.  PETERSBURG. 

The  first  Chamber  of  Commerce  in  Russia  working  in  conjunction 
with  the  Russian  Section  of  the  London  Chamber  of  Commerce. 

MBMBERSHtP  OVER  SEVEN  HUNDRED. 


BRANCHES  OF  THE  CHAMBER  IN  ODESSA  AND  WARSAW. 
Jownal  0/  th0  Chamber  pubiished  monMy  in  English  and  Russian. 


For  further  particulars  apply  to  :- 

THE  SECRETARY.  4,  GOROCHOVAIA,  ST.  PETERSBURa 


THE  CONSTRUCTOR, 


Jl  Conplttc  DaiMilMek 
—Of  RKWM  Dttiaa.^ 


By  F.  REULEAUX, 

WITH  AUTHOR'S  PORTRAIT  AND  MOHK  THAN  1.200  ILLUSTRATIONS. 


AutlMriMd  TfMulation  Complete  and  Unabridtied  from  the  Fourth  Enfargnl  Gctidad  EtLtioB 

By  HENRY  HARRISON  SUPLEE,  B.So. 

Price  SOs.  nelir  -  -  -  Carriage  Free. 


THE  LOUIS  GASSIER  CO.,  Ltd..  33.  Bedford  Street.  Strand.  London,  W.C. 


Rofneike&  Curtice,  Ltd. 

 E»t«blwiliwl  t»iB.  


Tht 

Originatort 
•f  Press 

ani  First 

Estaklishsd 

Aftnty. 


MAKE  a  v|>rri.ilitv  in  krcpiiig 
•  <\Mif-r^  .iiiil  in.iii.iK*  r>  ill 
toiij  h  wttli  .il!  .ipin  rTaiiimi;  Iti 
thrir  cii.iiiii*:ti  tiirr^.  .(nl  pmiiipli- 
tiiilr  111  l'>r\\.ir<liiiK  ar>l  piiblisiuil 
rr|M>rt«  of  Cniiir^irU  pcudinit  muI 
work  siiggr^tctl  at  U(iar<l  MreliiiKs. 
ti'iin'i!  jihI  "thiT  (Jip.irlinriil-.. 
Nri  <itlii  r  im-.m.,  I  .111  ti<l<<-  thr  iil.n  <• 
of  our  kcrvicc  for  sucli  iiifornialioii. 


Write  (or  Booklet  anil  Term*  to  :  — 

l.udfale  Circus  BuiFdint^s.  London 


FOR  SALE. 


AN 


Aildrming  Maeliiu 

CipiUt  of  aUraMinU  LSOO  envelopet  anionr 

t<i|jetber  wilh  Mifiicieut  typf  for  3,000 
aiiiireMes.  in  Bpirndxi  working  order,  and 
a  bargain  to  any  drm  sendinil  out  frequently 
ltr|t  nBabar*  oi  Circulara. — Apply  fios  SIS, 
"CmMien   Matiasin*."    33.   BcJforJ  Straat, 

Strand     W  C 
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CASSIER'S 


TYPEWRITERS  &  TUBES 


ENGINEERING 
MONTHUY 


All  who  appreciate  perfect  writing  should  inspect 

the  "  Continental." 


High  allowances  made  for  other 
makes  taken  in  part  payment 


"  CONTINENTAL  " 

GIVES   BEST  WORKl 
GIVES   NO  TROUBLE  I  I 


Write  for  full  particulars:  - 

THE  "CONTINENTAL"  HPEWRITER  CO.,  LTD., 

12  &  14,  BARBICAN,  LONDON,  E.G. 


Wl 


ss  h'. 


BRASS  AND  Copper 
Loco,  Marine  ^&  Condenser 


AS    MANUFACTURED  FOR 

HOME,  COLONIAL   AND  FOREIGN 

GOVERNMENTS   AND   RAILWAYS.  ' 


/an/  Q£Bc9  If  Uaria 

:epcote  sir^-rrwiGGiN  si  Birmingham 


Telfidrams  " Drawbcmch' 


Digitized  by  Google 


«««•<«  PUBUCATiONS  'JSitl^""' 


The  Sovith  American  Year  Book. 


NOW  READY. 

This  is  the  most  comprehensive  work  which  has  yet  heen  published  dealing 
with  the  South  American  Continent,  and  will  be  found  indispensable  to  all 
.  having  business  and  other  interests  there. 

It  is  published  in  two  parts,  one  dealing  fully  with  the  RAILWAYS  of 
South  Amorira,  illustratetl  by  no  h  ss  than  44  sec  tional  maps  in  addition  to  one 
(argc  coloured  map  of  the  whole  Continent,  and  ttie  second  with  the  POLITICAL 
ind  INDUSTRIAL  features  of  the  Kepublics. 

A  full  list  of  all  the  Companies  trading  in  South  America  together  with  the 
cames  of  directors,  secretary,  r^;istered  offices,  capital,  etc.,  is  given. 

In  order  to  give  an  idea  of  the  scope  of  the  w<Hrk,  we  give  below  a  specimen 
page  of  the  contents  of  one  of  the  Republics.  The  book  contains  over  620  pages 
of  useful  information  apart  from  maps  and  illustrations. 

PRICE. 

Great  Britain  and  Ireland,  31  6  net  including  postage. 
Abroad.  34/-  net,  including  pottage* 


SPECIMEN  CONTENTS. 


The  Argieatiae  BepmbUc. 


Short  Historical  Sketch 

Government 

Provinces  and  Tenitorica 
Public  Holidays 
Currency 

Foreign  Com^nies  Trading  in  Argentine 
Outstanding  External  Loans  ' 
Internal  Government  Loans  Outstanding  I 
Sammary  of  External  Debt 
Ccdulas  of  the  Mational  Mortgage  Bank 

Financial  Xnti  s 

Postal  and  Ti-ici^raph  Information 

Mall  Steamer  Services 

A  r  11 1  \  and  Navy  (Personnel),  etc.  , 
Shipping 

The  "Mitfe"  Law  as  to  Railway  Concessions 

Snnunary  of  Bill  introduced  to  the 


Pensions  for  Railway  Emfdoyees 

Trade  Marks 
Patents 

Frozen  Meat  Trade 

Changes  in  Conditions  of  Cattle  Rearing 
Agriculture 

Miscellaneous  Industries 
hiining  Regulations 

Customs  Duties 

Cotisidar  IiiV()a<'s 
lininiuration  Regulations 

l-at  tunes  in  the  Argentine  Repnblie 
Cotton 
Verba  Mat< 
Insurance  Companies 
Miscellaneous  Companies 
Legislature  to  prevent  "Strikes." 


Full  prospectus  and  raUs  for  advertising  will  be  supplied  upon  apptteatton  to 

The  PikbUng  Department,  ''Sooth  American  Tear  Book/' 

33.  BCDFOKD  STREET.  LONDON.  W.C. 
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CASSIER'S 


PHOTO  COPYING  FRAME 


ENOINEERINO 
MONTHLY 


Mien  I  Duplex  Radial  Electric  Photo  Copying  Frame 


(PATENT) 

IMPROVED  MODEL. 


In    Horizontal    Position.         -         -         -         Ready   lor  Charging. 

PERFECT  CONTACT. 

The  Cover*  are  secured  «nd  released  by  a  very  etmple  motion. 

J.  HALDEN  S  Co.,  Ltd.,  8,  Albert  Square,  Manchester 
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MARINE  MOTORS 


WM.  DOXFORD  S  SONS,  Ltd., 

Shipbuilders  and  Engineers, 

SUNDERLAND. 

—  DOXFORD-DIESEL  — 
All  British  Marine  Motor. 


A  Unit  of  2,850  Horse-power  Installation  now  Running  at  Pallion  Works. 


Digitized  by  Google 

I 


i 


WEIR 


AUXILIARIES. 

FEED  PUMPS. 
FEED  HEATERS. 
AIR  PUMPS. 
UNI  FLUX  CONDENSERS. 

The  most  reliable,  efficient  and 
commercially  productive  equipment 
for  the  modern  steamship. 

G9   I    WPIP    I  CATHCART, 
•  &J.  ff  £iIIV,  Li-  gUSGOW. 


GUARANTEED 

PROOF  AGAINST 
HEAT  STEAM, 
WATER  and  hh. 
OPEN-AID 


MADE  ONLY  BY 


FLEMINGB] 

&GOODALLX«1> 

HALIFAX 


:       LOhDOM  OrnCC,  I,  Broad  Street  Place,  C.C. 


Rpppn'Q  rpnnninispp 

III  uull  5  LuUIIUIIIIoul 

8AVE8 

15  io  25 

IN  COAL. 

Wrtte  for  Pamphlrt  P.O.  to 
Patentee*  «nd  Sol*  Makers  - 

E.  GREEN  &  SON,  Ltd.,  Wakefield. 

AUTOMATIC 

AND  ALL  TYPES 
OF  ELECTRIC 

HYDRAULIC 

.   .  HAND.. 


LIFTS 


SMITH-MAJOR  &  STEVENC 
LATE  A.  SMITH  &  STEVENS  iJ 

LONDON    &  NORTHAMPTON. 

H«a4  OrrtcM  aad  Work* 


ABBEY  WORKS  NORTHAMPTON. 


WILLIAM  BARKS  &  SON 


HOLLOWAY,  LONDON. N. 


THE  BROUGHTON 
COPPER  Qo-  L^**- 

MANOHCSTER. 

MMtf  iMalttn  ani  Minalutarart 
naM  0*aiprNM«  H|«raillc  f»rf*< 

COPPER  ^ 

BRASS  &  TUBES 

BRONZE  ^^^^ 

ror  Marin*.  Lacamollt*  an«  atkar  pat' 

Raaai.     Apply  la  b*  alia  tar  Inialt, 
:atfi.  Ikaaii  *n«  Ptalai.     Alia  far 
Cl*ctra-Capp*rlit|  ani  Allayi. 


THEGLENBOIG  UNION  FIRE  CLAY  CO.  Ltd.. 

M.WIITREaiRTIT.«LAI«OW 

Caniraclar*  la  lha  PrIncipM 
Nallanai    Ananait  at 
'tt,,    tarap*.  On  tha  Atfmlr- 
allr  Lilt  U\%^€it 
A^arii  irktr- 


17 

Prtia 

■  ni  DIplaniai 
at  Haaaar. 
Whare  othan  m«lt 
•plltup.CLENBOICttinda; 
— r 


m  ^ 

EXTRUDED  METALS 


IRMn,   BMSS,    COPPER.  ETC 


Cattinet.  Ferfinft, 
Sttmpinft,  Rotff, 

BARS    OF    AHV    •CCTION  <PATB»»T«0>. 

THE  DELTA  METAL  CO..  Ltd.,  Ettt  Greenwich.  l«uct« 
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